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AROXYSMAL nocturnal hemoglobinuria (PNH) is a hemolytic disorder 

characterized by an acquired abnormality of the erythrocyte which renders 
it susceptible to hemolysis by normal human serum. Diagnosis is based on 
the demonstration of hemolysis of the patient’s erythrocytes in normal com- 
patible serum that has been acidified to approximately pH 6.9. The hemolytic 
reaction requires complement, magnesium, and a recently described normal 
serum protein, properdin.? 12 These constituents do not hemolyze normal 
erythrocytes. The serum from patients with PNH does not ordinarily contain 
abnormal hemolysins or agglutinins and does not hemolyze normal cells. 
Little is known about the basic erythrocyte defect or the manner in which 
it is acquired. Data are lacking concerning the factors which determine the 
severity and clinical course of the disease. 

During the past two years three previously unreported patients with 
PNH have been observed in this laboratory. The present studies were under- 
taken to investigate factors influencing the severity and clinical course of 
the disease as well as factors influencing the occurrence of crisis and re- 
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mission. Accordingly, in addition to the routine laboratory examination, 
studies were made of autosurvival of the patient’s erythrocytes, of the maxi- 
mum number of erythrocytes subject to hemolysis in vitro, of the hemolytic 
activity in vitro of the serum from the three patients, and of the hemolytic 
activity of serum and susceptibility of erythrocytes to hemolysis during crisis 
and remission. 

METHODS 


Routine blood counts, reticulocyte counts, tests for hemoglobinuria and hemo- 
siderinuria, and screening tests for hemolysins and agglutinins were performed as described 
by Ham.8 Urinary hemoglobin excretion was measured by the method of Bing and 
Baker.15 Osmotic fragility of fresh blood and blood incubated under sterile conditions 
for 24 hours was determined according to the method of Emerson and associates.5 The 
normal range was defined as the mean value plus or minus one standard deviation for 31 
normal individuals. The mechanical fragility of erythrocytes was determined according 
to the method of Shen, Castle, and Fleming as modified by Ham.8 The properdin level in 
the serum of patients was determined as described by Pillemer and co-workers.16 


Transfusions of Normal Red Cells.—All patients were of blood group A, D+, and all 
transfusions were of group O, D+ erythrocytes, washed once in isotonic sodium chloride. The 
number of patient’s cells present at any time was determined by a modified Ashby differential 
agglutination technique, with use of anti-A serum.18 The transfused cells were determined 
as those that were unagglutinated by the anti-A serum. 

Autoswrvival of the Patient’s Red Cells——The survival of each patient’s erythrocytes 
was determined by a modification of the chromium tagging (Cr51) method of Ebaugh, Emer- 
son, and Ross.17 The determination was performed at a time when each patient was free of 
transfused cells. A sample of 50 ml. of blood was removed by venipuncture and was mixed 
under sterile conditions with 12 ml. of acid-citrate-dextrose* solution containing 100 uc of 
Na,Cr510,. After exposure for one hour at room temperature with frequent mixing, 50 ml. 
of the mixture was reinjected into the patient. Samples of 5 ml. were removed periodically 
and the radioactivity of 3 ml. aliquots was determined in a well-type scintillation counter. 
Correction was made during the initial 72 hours for the radioactivity of the plasma. Re- 
sults were expressed as per cent of radioactivity compared to the activity of an average of 
samples taken 10 minutes and 1 hour after injection. 

Hemolysis In Vitro.—Hemolysis of PNH erythrocytes in vitro was measured by a method 
originally described by Dacie.19 PNH erythrocytes were stored at 4° C. in an equal volume 
of Alsevers solutiont for as long as 7 days. At the time of use they were washed three 
times in isotonic sodium chloride and finally suspended to 50 per cent by volume in isotonic 
sodium chloride containing 0.0005 M MgCl,. Serum was obtained from clotted blood and 
was used within 48 hours after collection or was frozen at -70° C. When serial studies 
were done, all serum was obtained from the same donor or from a single large volume which 
was stored at -70° C. Since serum from different donors varied in hemolytic activity, 
only serum showing strong hemolytic activity was used. Aliquots of 1.0 ml. of normal 
compatible serum were introduced into nine tubes and to each of the tubes was added 
0.1 volume of one of the following: N/10NaOH, isotonic sodium chloride, N/20HC, 
N/10HCl, N/6HCl, N/5HCl, N/4HCl, N/3HCl. Finally, 0.1 volume of the cell suspension 
was introduced and the mixture was incubated unstoppered for 60 minutes in a 37° C. water 
bath. The pH was determined after incubation. It should be noted that the pH rises 
approximately 0.5 unit during incubation for 60 minutes. The samples were centrifuged, 
and the amount of hemolysis in the supernatant was determined photocolorimetrically at 
540 ». Hemolysis was expressed as per cent of the total hemolysis occurring when 0.1 


*Special Formula ACD Solution, Abbott, containing in each 10 ml. dextrose 132 mg. 
sodium citrate 250 mg., and citric acid 80 mg. 


tForty-one grams glucose, 16.0 Gm. sodium citrate, 8.2 Gm. sodium chloride, adjusted 
to pH 6.1 with 10% citric acid, and the mixture diluted to 2,000 ml. 
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volume of cell suspension was added to 1.1 volumes of water. When transfused cells were 
present from a normal donor, their number was determined by differential agglutination, 
and an appropriate correction was made. The results were expressed graphically with per 
cent hemolysis on the ordinate and final pH on the abscissa. 

For experiments in which hemolysis was determined at a single pH, 1.0 ml. of serum 
was acidified with 0.1 volume of N/7 hydrochloric acid, and buffered with 0.1 volume of 
two times isotonic imidazole buffer (Eastman Chemical) at a pH of 6.8.20 Under these 
conditions pH remained at 6.8 to 6.9 during incubation, which was carried on for 15 or 30 


9Qnr°o 


minutes at 37° C. Normal erythrocytes are not hemolyzed under the above conditions. 
RESULTS 

Clinical and Routine Laboratory Data.—The three patients were (1) W. H., 
a 41-year-old Negro woman, (2) R. A., a 39-year-old white man, and (3) R. V., 
a 9-year-old white boy. The disease has been present for 9 years, 6 years, and 
3 years, respectively. When seen initially all three patients were severely 
anemic (Table I). In two of the three patients macrocytosis was observed and 
in each there were increased numbers of reticulocytes. Leukocytes were normal 
or diminished in number. 


TABLE I. LABORATORY FINDINGS IN THREE PATIENTS WITH PAROXYSMAL NOCTURNAL HEMO- 
GLOBINURIA 





PATIENT 1 PATIENT 2 PATIENT 3 
2-15-54 3-10-54 | 3-30-54 





DATE OF OBSERVATION 





Clinical data 
Age 41 39 9 
Sex Female Male Male 
Race Negro White White 
Clinical severity ++4+ ++ + 
Duration of disease % years 6 years 3 years 


Blood counts 

Red blood cells (106/mm.3) 32 1.88 1.81 
Hematocrit (%) of 21.5 16.4 
Hemoglobin (Gm./100 ml.) 5.¢ 6.5 6.2 
Mean corpuscular volume (y3) : 115 91 
Mean corpuscular hemoglobin con- 

centration (%) . 30 
Mean corpuscular hemoglobin 

(vy Gm.) 40 30 
Reticulocytes (%) 49 13 
Reticulocytes (mm.3) 650,000 240,000 
WBC (103/mm.3) 5.2 2.4 
Blood group J A, D+ 


Tests related to he molysis 

Serum bilirubin, direct/total (mg./ 

100 ml.) 1/2.1 0.1/0.6 
Hemolysis in acidified normal 

serum Positive Positive Positive 
Direct Coombs test Negative Negative Negative 
Serum agglutinins and hemolysins None None None 
Urine hemoglobin +++4 None None 
Urine hemosiderin +++ ++ +4 





There were differences in the degree of the reticulocytosis at the time of 
Maximum anemia, for Patient 1 had 40 per cent or 650,000 per eubie milli- 
eter. Patient 2 had 13 per cent or 240,000 per eubie millimeter, and Patient 
Shad 4 per cent or 76,000 per cubic millimeter. 
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Erythrocytes from each were hemolyzed in autologous or homologous 
normal acidified serum. The direct and indirect antiglobulin tests, and 
screening tests for agglutinins and hemolysins in the serum were negative. 
Hemoglobinuria was observed in Patients 1 and 2 and hemosiderinuria in all 
three. 

The disease manifested itself by marked variation in clinical symptoms 
and signs in the three patients, despite the similar degrees of anemia. Patient 
1, a housewife, has had frequent and severe crises characterized by chest pain, 
constant hemoglobinuria, and rapidly falling red-cell counts. She has re- 
ceived over 70 transfusions during approximately 9 years, 25 having been 
given during the last two years. During each of the 14 admissions to this 
hospital there has been striking and prompt termination of the signs and 
symptoms of rapid hemolysis following transfusions of washed normal erythro- 
cytes. This apparent effect of transfusion has occurred irrespective of the 
duration of crisis prior to transfusion, and the remissions induced have lasted 
from 30 to 60 days. 

Patient 2, a printer, has been mildly affected, with no pain and rare 
hemoglobinuria. He has received only 18 transfusions during 6 years of his 
disease. Transfusions have been given for anemia when his hemoglobin has 
decreased below 5 Gm. per 100 ml., which usually has occurred during an 
episode of infection. At these times the patient’s only symptom referable 
to PNH has been exertional dyspnea related to the severe anemia. 

The third patient, a schoolboy, has been observed in only one erisis, which 


followed mumps. Hemoglobinuria has never been demonstrated, although 
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there is a history of ‘‘dark urine.’’ 
peated occasions. Transfusions of washed cells were administered because 
of severe anemia on the one admission; subsequently the patient has remained 
symptom-free with a hemoglobin level of approximately 10 Gm. per 100 ml. 
Subsequent studies of his erythrocytes failed to show the characteristic hemoly- 
sis in his own or normal acidified serum for a period of 6 months. When he 
was studied one year later, hemolysis in acidified serum was again demon- 
strated. Disappearance of hemolysis in acidified normal serum has been ob- 
served previously by Dacie in two patients.* * 

Thus, these three patients with similar degrees of anemia presented 
strikingly different clinical problems. Considering the routine laboratory 
examinations, the clinical severity in each patient corresponded to the reticule- 
cyte response rather than to the level of the hemoglobin per se; i.e., the most 
severely ill patient has the greatest reticulocyte response. Under these condi- 
tions the differences in reticulocytosis of each patient probably reflect both 
the level of erythrocyte production and the rate of erythrocyte destruction. 
as will be described. 


Hemosiderinuria has been observed on re- 


Other Laboratory Determinations. 

Osmotic fragility: The osmotic fragility of erythrocytes from fresh! 
drawn defibrinated blood from each patient was at the upper limit of normal 
(Fig. 1). After ineubation under sterile conditions for 24 hours at 37° ©: 
there was an increase above the normal in osmotic fragility of some of thes 
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cells remaining unhemolyzed by the PNH mechanism. Most previous authors” & 7 
have reported normal osmotic fragility in PNH, but no data have been re- 
ported on incubated blood. Instances of increased osmotic fragility have been 
reported but were attributed to other co-existing abnormality..% ™ 
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hly Fig. 1.—Osmotic fragility of erythrocytes from patients with paroxysmal nocturnal hemo- 
: globinuria. 
mal 
U., Mechanical fragility: The mechanicai fragility of erythrocytes from all 
es three patients was normal or slightly increased on fresh blood and definitely 
nereased on blood which had been subjected to sterile incubation for 24 hours 
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at 37° C. Correction was made in each ease for the hemolysis in serum result- 
ing from the mechanism of PNH. Kellermeyer® has recently shown that there 
is no relation between hemolysis by the PNH system and mechanical hemolysis 
of red cells. 

Properdin values: Since the serum protein properdin is essential to the 
hemolysis in vitro of PNH erythrocytes,” the level of properdin in the serum 
of patients with PNH was determined during crisis and remission, The range 
of values in normal subjects is 4 to 8 units per milliliter of serum. An in- 
sufficient number of sera has been obtained from patients with various diseases 
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TO 20 30 
DAYS 
Fig. 2.—Autosurvival of erythrocytes from patients with paroxysmal nocturnal hemoglobin- 
uria (Cr*'), 
to determine the significance of changes in properdin, although preliminary 
studies indicate that levels are low during certain infections, particularly 
those with gram-negative organisms. 

The pattern of properdin values in PNH has been fairly consistent. 
Patient 1 has always shown markedly decreased values of less than 1 unit 
during a hemolytic crisis. On several, but not all, occasions during remissiol 
the level has increased to low normal value of 2 to 4 units. The properdil 
level has then decreased with a subsequent crisis. Transfusions with washed 
cells have not resulted in immediate change in properdin level although clini- 
cal remission has occurred. Patient 2 has shown low values on all occasions 
when he has been studied; Patient 3 had a value of less than 1 unit during 4 
hemolytic crisis following mumps and subsequently had normal values. 

In Vivo and In Vitro Hemolysis; Comparison of the Three Patients Witl 
PNH.— 

Erythrocyte survival studies: Study of the autosurvival of the patient’ 
red cells using Cr®! was performed at a time when each patient was free 0 
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transfused cells. With this method the normal period for half-survival is 
approximately 28 to 35 days. As shown in Fig. 2, erythrocytes from each 
patient had an abnormally shortened lifespan. In Patient 1, who was severely 
affected, approximately 90 per cent of the cells were destroyed in 3 days. 

In Patient 2 who was less severely affected the half-survival was 8 days, 
but a smaller portion of cells had a very short life. In Patient 3, the 
half-survival was 17 days. In Patients 1 and 2 the character of the curves 
suggests the presence of a mixed cell population, part of which disappeared 
at a rapid rate and part at a rate approaching the normal. The degree of 
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Fig. 3.—The effect of pH on the hemolysis in vitro of paroxysmal nocturnal hemoglobinuria 
erythrocytes. 


shortening of the survival is noted to correspond to the clinical severity of 
the disease process. Thus, the seriously ill Patient 1 had the largest number 
of short lived cells, Observations similar to these have been recorded when 
PNH blood was transfused into a normal person.?! 

Normal human erythrocytes have been demonstrated to survive a normal 
length of time in Patient 1, disappearing in linear fashion over a period of 
ipproximately 110 days. Similar results have been reported previously for 
patients with PNH.”! 

Hemolysis of PNH erythrocytes in vitro in normal serum: By incubating 
PNH erythrocytes in serum at various levels of pH and measuring the result- 
ing hemolysis, Dacie has demonstrated a symmetrical curve of hemolysis 
Within a relatively narrow range of pH, and maximum hemolysis at a pH of 
68 to 7.0.° Similar studies were performed on the cells of each of the three 
patients, except that pH was determined after incubation, resulting in a maxi- 
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mum hemolysis at a pH of approximately 0.5 pH unit higher than if pH 
were determined before incubation, particularly when tubes were left un- 
stoppered during incubation. 

As indicated in Fig. 3, hemolysis of the erythrocytes from all three 
patients occurred over the same pH range. In serum from the same donor, 
however, the maximum number of cells hemolyzed differed markedly in each 
patient. Approximately 70 per cent of the cells from Patient 1, the severely 
affected patient, were hemolyzed at the optimum pH; whereas only 30 per 
cent of the cells from Patient 2 were hemolyzed; and less than 10 per cent 
of the cells from Patient 3. Subsequent studies on Patients 1 and 2 have 
yielded nearly similar results while in Patient 3 hemolysis in vitro disappeared 
for a period of many months and has recently returned. Thus, in these three 
patients the portion of cells which can be hemolyzed in vitro corresponds 
approximately to the portion of cells which disappears rapidly in vivo. The 
portion of cells hemolyzec in vitro is greatest in the patient most severely 
affected, and least in the one least seriously affected. 


Hemolytic activity of serum from Patients 1 and 2: The sera from two of 
the patients (1 and 2) were compared to normal sera from several individuals 
for hemolytic activity in vitro for the cells from Patients 1 and 2. Hemoly- 
sis was measured over a pH range of 6.0 to 8.8. It was observed (Table II 
that the maximum hemolysis caused by each patient’s serum was identical 
to that caused by an actively hemolytic normal serum, There was no demon- 


strable qualitative nor quantitative difference between sera from patients with 
PNH and normal sera in hemolytie activity for erythrocytes from either pa- 
tient with PNH. 


TABLE II. HEMOLYSIS oF PNH EryTHROcCYTES BY SERUM FROM NORMAL PERSONS AN? 
PATIENTS WITH PNH 


~ PNH ERYTHROCYTES | | ——. 4 MAXIMUM HEMOLYSIS* 
atient | =a ~ Patient 1 39 
Patient 2 43 
Normal 39 


-atient 2 Patient 1 28 
Patient 2 30 
Normal 27 


*No correction was made for transfused cells. 

Changes in Patient 1 During Crisis and Remission.—In Patient 1, trans 
fusion at the time of severe hemolytic crisis has resulted in the rapid and some: 
times complete disappearance of hemoglobinuria, usually associated with marked 
remission of symptoms such as pain, fever, and anorexia. Such a change has 
previously been described in patients with PNH® ? and has been attributed t0 
a decrease in the number of the patient’s erythrocytes available for hemolysis 
with a corresponding decrease in the hemoglobin exeretion."* 

Studies have been performed on the susceptibility of the cells of Patien! 
1 to hemolysis in vitro and on the hemolytic activity of her own serum i! 
vitro, through several periods of crisis and remission. 
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Changes in susceptibility of cells to hemolysis in vitro: Patient 1 of blood 
group A was transfused with group O cells so that the absolute number of her 
own cells present in the cireulation could be determined at any time by differ- 
ential agglutination. Accordingly, it was possible to determine the number of 
the patient’s own cells which were hemolyzed by aliquots of a single normal 
serum. 

The findings in a typical crisis are shown in Fig. 4. Just prior to trans- 
fusion the patient’s red cells numbered 1.2 million per eubie millimeter and 
the exeretion of hemoglobin in the urine was greater than 9 Gm. per day. 
Following two transfusions of washed normal erythrocytes, there was a de- 
crease in hemoglobin excretion to less than 200 mg. per day and the symptoms 
of chest pain, anorexia, and malaise disappeared. At that time there were 
(.86 million per eubie millimeter of the patient’s cells remaining in circulation. 
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Changes in urinary hemoglobin excretion and susceptibility of cells to hemolysis in 
vitro following transfusion. (Transfusion indicated by y.) 

A week later the patient’s own cells numbered 1.5 million per eubie milli- 
eter, greater than the initial value, although the hemoglobin excretion re- 
nained extremely low and there were none of the previous symptoms. Thus, 
4 significant number of the patient’s cells were present during the remission. 
During the period of remission the number and percentage of the pa- 
tient’s own cells which could be hemolyzed in vitro decreased transiently, but 
markedly, and then rose to levels higher than were initially observed, even 
though no hemoglobinuria or symptoms of crisis recurred. Other remissions 
were accompanied by lesser decrease in the number of cells hemolyzed in 
vitro. For instance, during another remission following transfusion, there 


Vas no diminution in the per cent of the patient’s own cells hemolyzed in 
vitro, 
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Thus, striking clinical improvement was accompanied by only moderate 
and temporary decrease in the ‘‘susceptibility’’ of cells to hemolysis in vitro, 
A large number of ‘‘susceptible’’ cells remained present as remission occurred, 
and this number increased markedly without the recurrence of crisis. There- 
fore, not all the abnormal cells disappeared from the circulation as the crisis 
was terminated. 

These data are interpreted to indicate that a diminution in the number of 
cells which can be hemolyzed is not the essential feature in the occurrence of 
remission; rather, the decrease in ‘‘susceptible’’ cells is a result of the greatly 
increased rate of hemolysis during crisis. This hypothesis is supported by the 
fact that there is an immediate and rapid increase in the number of ‘‘suscep- 
tible cells’? without the recurrence of crisis, indicating that the level of 
‘‘susceptible’’ cells is not the only determining factor in crisis and remission. 


‘ 


Crisis usually occurred when the number of normal cells present fell be- 
low 1.2 million per eubie millimeter, but on several occasions crisis occurred 
at higher levels. Thus, no positive correlation could be made between the 
absolite level of donor erythrocytes remaining and the occurrence of crisis. 


Studies of hemolytic activity of serum from Patient 1 during crisis and re- 
mission: Samples of serum from Patient 1 were collected at intervals through 
several periods of remission and relapse. The hemolytic activity of those sera 
for PNH erythrocytes was compared on each occasion to normal serum drawn 
the same day from the same normal donor. The hemolysis occurring in PNH 
serum was expressed as a percentage of the hemolysis occurring in the normal 
serum. As indicated in Table III there was only slight change in the in vitro 
hemolytic activity of the serum from Patient 1 during remission and relapse, 
when compared to normal serum. During remission her serum showed 8&7 per 
cent of the activity of a normal serum. This change is regarded as probably 
within the limit of error of the methods used, although one cannot exelude the 
possibility that some decrease in activity took place. 


TABLE III. HeMotytic ActTiviry oF SERUM FROM PATIENT 1 DURING CRISIS AND REMISSION 


~ HEMOLYSIS COMPARED TO 
NORMAL SERUM = 100% 
RELATION TO TRANSFUSION | CLINICAL STATE (PER CENT) 











3 days before Severe crisis 98 
Marked hemoglobinuria 

1 day after Continued hemoglobinuria 97 

4 days after Remitting 98 

7 days after Remission 87 





DISCUSSION 


Three patients fulfill the criteria for the diagnosis of paroxysmal nocturnal 
hemoglobinuria, Each has an hemolytie anemia, with the characteristi¢ 
hemolysis of his own erythrocytes in acidified normal serum. Although slight 
abnormalities of osmotic fragility were demonstrated, they were not charac 
teristic of the changes observed in the blood of patients with hereditary 
spherocytosis. It is believed that the changes in osmotic and mechanical 
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Number 4 




















fragility may be another evidence of a basic erythrocyte defect. The transient 
disappearance of the susceptibility to hemolysis in acidified serum in Patient 3 
is unusual, but has been reported previously.* 4 

[t is emphasized that the clinical severity of the disorder does not neces- 
sarily relate to the degree of anemia, since levels of hemoglobin were approxi- 
mately the same in these three patients who differed strikingly in their clinical 
manifestations. Of the routine laboratory tests, the degree of reticulocytosis 
has corresponded most closely with the severity of the disease process; i.e., 
the highest reticulocyte levels occurred in the most seriously affected patient. 

It is not known whether the changes in properdin level are related caus- 
ally to crisis or are merely coincidental and due to some other mechanism. In 
Patient 1 who has been studied in most detail, no infections have been dis- 
cerned that might have affected the properdin level. Changes in serum 
properdin level in disease are not well enough understood to permit conclu- 
sions regarding the mechanism by which low properdin levels occur in PNH. 
Further, in vitro studies have failed to demonstrate utilization or destruction 
of properdin during hemolysis of PNH erythrocytes in serum.** This observa- 
tion suggests a lack of direct relationship between change in properdin levels 
and the occurrence of crisis. 

















The current studies also support the hypothesis that the character of the 
cell population determines at least in part the clinical severity of paroxysmal 
nocturnal hemoglobinuria. Thus, in the patient who was most severely ill 
clinically, a large portion of the erythrocytes had an extremely shortened life- 
span, and approximately the same percentage of cells was hemolyzed in vitro 
on incubation in acidified normal serum as disappeared rapidly in vivo. The 
less severely affected patient had a smaller portion of cells hemolyzed in vitro 
and in vivo; and the mildly affected patient had a relatively small portion of 
cells ‘‘suseeptible’’ to hemolysis by these tests. These data indicate a positive 
correlation between clinical severity and cell ‘‘suseceptibility’’ to hemolysis in 
vittro and in vivo. Although specific identification cannot be made, it is 
issumed that those cells with a short lifespan in vivo are the cells which were 
hemolyzed in vitro; and indeed, the percentage of cells destroyed rapidly in 
vivo is approximately the same as the percentage hemolyzed in vitro. Again it 
should be noted that in Patient 3, the susceptibility of the patient’s cells to 
hemolysis in vitro completely disappeared for a period, although moderate 
inemia persisted. In Patients 1 and 2 the percentage of cells hemolyzed has 
remained relatively constant over 24 and 16 months of observation, respec- 
tively, 











Although the severity of the disease appears related to the size of the 
erythrocyte population which is defective and thereby susceptible to rapid 
destruction, changes in clinical status in any one patient cannot be related 
hecessarily to changes in the size of that susceptible cell population. Thus, 
in Patient 1, who has been observed through frequent crises, the occurrence 
of crisis and of remission after transfusion has not necessarily been associated 
with change in either the total number of patient’s cells present, or the per- 
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centage of patient’s cells hemolyzed in vitro by normal serum; that is, there 
was still present a significant and sometimes increased number of the pa- 
tient’s cells manifesting the PNH defect, even though the rate of cell destruc. 
tion had slowed markedly. This finding is in contrast to earlier observations 
by Dacie™ which indicated that there was a decrease in cell susceptibility in 
remission. Prolonged freedom from hemoglobinuria following transfusion 
has been observed previously but was attributed to depression of erythropoiesis 
following transfusion. Dacie™ observed that the relation of transfusion to re- 
mission is debatable. In Patient 1 the remission following transfusion was 
definite on 14 consecutive occasions. Dacie also observed minimal decrease 
in the number of the patient’s cells present after transfusion but concluded 
that after transfusion there is a decrease in red cell production, and conse. 
quently fewer abnormal cells are available for hemolysis. In the present study 
there were actually more susceptible cells present during remission than there 
had been during the crisis, The evidence in this one case indicates that 
marked reduction in the number of the patient’s cells did not necessarily occur 
and was not responsible for the change in rate of hemolysis. These results 
are dependent on the in vitro methods for determining susceptibility to hemoly- 
sis which may have many limitations. 

The data presented also support the hypothesis that serum from PNI 
patients is similar to that from normal individuals in its ability to hemolyz 
PNH erythrocytes in vitro. This observation further emphasizes an erythro- 
eyte defect as the major factor in determining the severity of the hemolytic 
process. Serum from most normal persons varies in its ability to hemolyz 
PNH cells according to the properdin content,'? and those sera with very low 
levels of properdin fail to hemolyze PNH cells. Since serum from PNH patients 
is frequently low in properdin, it would be expected to have little hemolytic 
activity for PNH cells. However, the fact that it has marked PNH hemolytic 
activity is paradoxical and unexplained. 

Observations on the lack of change in the erythrocyte population during 
crisis would point toward changes in the patient’s serum as being responsible 
for the oceurrence of crisis and remission. However, serial observations 0 
the effect of the serum from Patient 1 to hemolyze PNH erythrocytes ind: 
eated that it was similar to normal serum during crisis and during remissiol. 
This, too, is contrary to previous reports which indicated that the in vitro he 
molytie activity of a patient’s serum increased during crisis." 

Thus, current observations on both serum and cells in vitro fail to sup- 
port the concept that changes in either serum, i.e., hemolytic activity, ° 
erythrocyte ‘‘susceptibility’’ have occurred as the patient passed throug) 
erisis and into remission. These results would indicate that during crisis an! 
remission there is no demonstrable change in the erythrocytes or in the heme 
lytic potential of the patient’s serum but rather there is some unknow! 
change in the hemolytic system in vivo, as suggested by Crosby.?. The fat! 
that serum obtained from clotted blood is strongly hemolytic in vitro may 0 
necessarily reflect the hemolytic activity of plasma in vivo. For example 
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Crosby has demonstrated that the hemolytic activity of a serum varies with 
the manner in which the blood is drawn.??. Thus, the in vitro clotting process 
may alter hemolytic properties of serum for PNH cells to render them differ- 
ent from those actually occurring in the patient. 

The remission following transfusion in Patient 1 during crisis was strik- 
ing and consistent. Regardless of the duration of crisis, there was prompt 
diminution in hemoglobinuria and symptoms after transfusion with normal 
red cells. It might be postulated that the normal cells transfused to the pa- 
tient combine with an unknown but essential element of the hemolytic system, 
without being destroyed by it, and thereby inhibit hemolytic activity. How- 
ever, there are no direct observations to support such an hypothesis. Also, the 
addition of normal cells to PNH eells in vitro does not decrease the number 
of PNH cells hemolyzed by normal serum.’® Therefore the factors responsible 
for the occurrence of crisis and the remission following transfusion remain 
wknown. 

SUMMARY 


|. Three patients with paroxysmal nocturnal hemoglobinuria had similar 
degrees of anemia, but differences in the severity of symptoms and manifesta- 
tions of hemolysis. The reticulocyte level reflected the severity of the hemolytic 
process more accurately than did the other laboratory tests. 

2. The properdin levels were low during crisis but cannot be related 
causally with remission and relapse. 

3. Remission was regularly induced in the hemolytie process in one pa- 
tient by the transfusion of washed normal erythrocytes. 

4. In each of the three patients the patient’s own erythrocytes had a 
shortened survival in his own circulation, and the size of the cell population 
which disappeared rapidly in vivo corresponded to the clinical severity of the 
lisease. 

d. The percentage of the patient’s cells hemolyzed in vitro corresponded to 
the clinical severity and to the size of the rapidly disappearing population 
in vivo. 

6. Accordingly, clinical severity is correlated with the relative number of 
the patient’s cells which are subject to abnormal destruction. 


7. Changes in clinical state from crisis to remission were not necessarily 
companied by changes in the number of cells hemolyzed in vitro, or by 
demonstrable changes in the ability of the patient’s serum to hemolyze PNH 
tells in vitro. The mechanism of the remission following transfusion is un- 
known. 


We wish to thank Miss Anne Lenihan and Miss Angela Pasquariello for valuable 
‘echnical assistance; Dr. T. H. Ham for much valuable advice and encouragement; and 
Dr, William MacIntyre and Dr. W. H. Pritchard for advice and suggestions with the 
Cr51 studies. 

APPENDIX 

Case Reports.— 

Patient 1: W.H. is a 41-year-old Negro housewife. She had noted exertional dyspnea 
from childhood, but was otherwise well until 1946 when, at the age of 33, anemia was first 
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recognized. She noted at that time nocturnal frequency and “port-wine” colored urine, 
Thereafter she received frequent transfusions which afforded symptomatic relief but 
were frequently accompanied by febrile reactions and intensification of the hemoglobinuria, 
an occurrence often followed by prolonged remission. The diagnosis of PNH was 
established in 1948. Several courses of ACTH and cortisone were given without effect, 
and she was not benefited by administration of iron or liver extract. Beginning in about 
1949 the episodes of intense hemoglobinuria were accompanied by severe abdominal and 
substernal pain. Occasionally an infection preceded the onset of crisis, but most often 
there was no apparent precipitating factor. During the nine years of the disease she has 
received over 70 transfusions. The frequency of crisis has increased in the last 3 years, 
so that now they occur approximately every two months. Each is characterized by severe 
substernal pain, constant hemoglobinuria, and fever of varying degree. There has never 
been objective evidence for pulmonary or cardiac disease, or thrombosis in any organ. 

She was first admitted to University Hospitals in August, 1953, and has had 13 
subsequent admissions. On each of those occasions crisis has been terminated, often 
dramatically, following transfusion of washed normal erythrocytes. There has been no 
other therapy. During that two-year period the clinical severity of her disease has re- 
mained unchanged. 

Physical examination is unremarkable except for a systolic murmur audible only 
when she is severely anemic. There is no splenomegaly. 

The laboratory data (Table I) are characteristic of PNH, with a severe macrocytic 
anemia, marked reticulocytosis, and hemolysis of erythrocytes in acidified normal serum. 
The data in Table I were obtained during the only period when her blood was free of 
transfused cells. Plasma hemoglobin has been recorded as high as 240 mg. per 100 ml. 
during crisis, and urine hemoglobin excretion has been as great as 9 Gm. per 24 hours. 
There has never been abnormality in the electrocardiogram, nor evidence of pulmonary 
infaretion. 


Patient 2: R. A. is a 39-year-old white male printer. He had always enjoyed good 
health, served in the army, and had been accepted as a blood donor in 1948. Following 
an upper respiratory infection in 1949, he was found to be severely anemic, although he 
was completely asymptomatic at that time. He received two transfusions of whole blood 
then, each of which was followed by a brief episode of “coffee-colored” urine. In 195!) 
“hematuria” was noted, but no abnormality was found in the genitourinary system, and 
no red cells were reported in the urine. The diagnosis of PNH was made on that admis: 
sion. From 1951 to 1954 hemoglobin varied between “40 and 60 per cent,” he remained 
completely asymptomatic, worked regularly, and noted hemoglobinuria only after adminis- 
tration of iron. He was admitted to University Hospitals in March, 1954, because of 4 
hemoglobin level of 5.4 Gm. per 100 ml. There were no symptoms referable to anemia. 
Physical examination on admission was negative except for pallor. No splenomegaly or 
hepatomegaly was noted. Laboratory data (Table I) were characteristic of PNH. 

On that admission he received transfusions of red cells from three units of normal 
blood. In July, 1954, he was readmitted because of prostatitis. At that time the hemo 
globin was 5.8 Gm. per 100 ml. and he received the washed cells from 4 units of blood. 
He was again well for 4 months when he gradually developed exertional dyspnea and 
mild angina. In February, 1955, the symptoms became worse and he was found to have 
a hemoglobin of 5 Gm. per 100 ml. There was no hemoglobinuria, but reticulocytes were 
only 7 per cent or 120,000 per cubic millimeter, a level at which they have subsequent} 
remained. Washed cells from five units of blood were administered then. Thereafter he 
remained asymptomatic except for mild exertional dyspnea until June, 1955, when an uppe! 
respiratory infection was followed by persistent low-grade fever, asthenia, and malaise. 
He was again found to have a hemoglobin of 5 Gm. per 100 ml. and received 4 units of 
washed cells. Because the patient lives a distance from the hospital, hemoglobin deter 
minations have not been obtained between hospital admissions. Thus, it is not know! 
whether there was sudden marked increase in anemia associated with infection. 
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Patient 3: RB. V. is a nine-year-old white male schoolboy, who had been alleged to 
have anemia and slight splenomegaly as an infant. After treatment with iron he grew 
normally but no further studies were done. Periodically, as a child, he had episodes of 
pallor, fatigue, nausea, and dark morning urine after upper respiratory infections, but no 
studies were done. At the age of 5 he was admitted to another hospital after an episode 
of abdominal pain. At age 7, one month prior to admission in March, 1954, he contracted 
mumps, at which time splenomegaly was noted. Following the mumps he was pale, listless, 
and anorexic, and he complained of frequent abdominal pains. His mother observed that 
he frequently had dark urine on arising, but no specimens were obtained. There were no 
signs to suggest thrombotic phenomena. 


The family history was noncontributory, and both the mother and one sibling showed 
no abnormalities of the blood. 


Physical findings on admission were limited to pallor, a slight systolic cardiac murmur 
which disappeared after transfusion, and a spleen edge palpable 6 em. below the costal 
margin. 

The laboratory data are listed in Table I and are characteristic of paroxysmal noe- 
turnal hemoglobinuria. During the period of observation, no hemoglobinuria was ob- 
served at any time, although hemosiderin was regularly demonstrated in urine sediment. 

Following transfusion with washed normal erythrocytes there was symptomatic im- 
provement which has been maintained. One month after discharge hemoglobin was 10 
Gm. per 100 ml. and 6 and 18 months later it was 9.0 Gm. per 100 ml. 

Reticulocytes remained 5 per cent on each occasion. He has continued to be asympto- 
matic and active. Six months following hospitalization none of his erythrocytes were 
hemolyzed in his own or normal acidified serum, but 18 months after hospitalization approxi- 
mately 10 per cent of his erythrocytes were hemolyzed. 


REFERENCES 


l. Harris, J. W., Jordan, W. 8., Jr., Pillemer, L., and Des Forges, J.: The Enzymatic 
Nature of the Factor in Normal Serum Which Hemolyzes the Erythrocytes of 
Paroxysmal Nocturnal Hemoglobinuria, J. Clin. Invest. 30: 646, 1951. 

2. Crosby, W. H.: Paroxysmal Nocturnal Hemoglobinuria. Relation of the Clinical 
Manifestations to Underlying Pathogenic Mechanism, Blood 8: 769, 1953. 

3. Dacie, J. V.: The Hemolytic Anemias, New York, 1954, Grune & Stratton. 


. Dacie, J. V., and Gilpin, A.: Refractory Anemia (Fanconi Type), Arch. Dis. Childhood 

19: 155, 1944. 

5. Emerson, C. P., Shen, S. S., Ham, T. H., Fleming, E. M., and Castle, W. B.: Studies 
on the Destruction of Red Blood Cells. IX. Quantitative Methods for Determining 
the Osmotic and Mechanical Fragility of Red Cells in the Peripheral Blood and 
Splenic Pulp. The Mechanism of Increased Hemolysis in Hereditary Spherocytosis 
as Related to the Functions of the Spleen, A. M. A. Arch. Int. Med. 97: 1, 1956. 

. Marks, J.: The Marchiafava-Micheli Syndrome, Quart. J. Med. 70: 105, 1940. 

.Ham, T. H.: Studies on the Destruction of Red Blood Cells. I. Chronic Hemolytic 
Anemia With Paroxysmal Nocturnal Hemoglobinuria: An Investigation of the 
Mechanisms of Hemolysis With Observations on Five Cases, A. M. A. Arch. Int. 
Med. 64: 1271, 1939. 

. Ham, T. H.: A Syllabus of Laboratory Examinations, Cambridge, 1950, Harvard Uni- 
versity Press. 

. Kellermeyer, R. W.: Mechanical Fragility of Erythrocytes From Patients With 
Paroxysmal Hemoglobinuria, Proc. Soc. Exper. Biol. & Med. 91: 157, 1956. 

. Abdicht, IL, Kuhlmann, F., and Dencks, H.: Kasuistischen Beitrag zur Marchiafave- 
Michelischen Hemoglobinuria, Deutsches Arch. klin. Med. 190: 156, 1942. 

. Lescher, F. G., and Osborn, G. R.: Atypical Haemolytic Anemias, Quart. J. Med. 8: 
335, 1939. 

-. Hinz, C. F., Jr., Jordan, W. S., Jr., and Pillemer, L.: The Properdin System and Im- 
munity: IV. The Hemolysis of Erythrocytes From Patients With Paroxysmal 
Nocturnal Hemoglobinuria, J. Clin. Invest. 35: 453, 1956. 

. Hinz, C. F., Jr.: Unpublished observations. 

- Dacie, J. V.: Transfusion of Saline Washed Red Cells in Nocturnal Hemoglobinuria, 
Clin. Se. 7: 65, 1948. 





510 HINZ, WEISMAN, AND HURLEY J. Lab. & Clin. Med. 


15. 
16. 
17. 


18, 


19. 


20. 


21, 
22. 


October, 1956 


Bing, F. C., and Baker, R. W.: Determination of Hemoglobin in Minute Amounts of 
Blood by Wu’s Method, J. Biol. Chem. 92: 589, 1931. 

Pillemer, L., Blum, L., Lepow, I. H., Wurz, L., and Todd, E. W.: The Properdin System 
and Immunity: III. The Zymosan Assay of Properdin, J. Exper. Med. 103: 1, 1956. 

Ebaugh, F. G., Emerson, C. P., and Ross, J. F.: The Use of Radioactive Chromium 51 
as an Erythrocyte Tagging Agent for the Determination of Red Cell Survival 
In-Vivo, J. Clin. Invest. 32: 1260, 1953. 

Ebert, R. V., and Emerson, C. P.: A Clinical Study of Transfusion Reactions. The 
Hemolytic Effect of Group O Blood and Pooled Plasma Containing Incompatible 
Iso-agglutinins, J. Clin. Invest. 25: 627, 1946. 

Dacie, J. V., and Richardson, N.: The Influence of pH on In-Vitro Hemolysis in 
Nocturnal Hemoglobinuria, J. Path. Bact. 55: 375, 1943. 

Mertz, E. T., and Owen, C. A.: Imidazole Buffer: Its Use in Blood Clotting Studies, 
Proc. Soe. Exper. Biol. and Med. 43: 204, 1940. 

Dacie, J. V., and Mollison, P. L.: Survival of Transfused Erythrocytes From a Donor 
With Nocturnal Hemoglobinuria, Lancet 1: 390, 1949. 

Crosby, W. H.: Paroxysmal Nocturnal Hemoglobinuria: A Specific Test for the 
Disease Based on the Ability of Thrombin to Activate the Hemolytic Factor, 
Blood 5: 843, 1950. 























AN IMPROVED URINARY EXCRETION TEST AS AN ASSAY FOR 

INTRINSIC FACTOR 

III. CoMPaARISON OF RESULTS oF THIS METHOD WITH THE CLASSICAL CLINICAL 
METHOD 


WituiaM L. WinuiaMs, Px.D., Leon ELLENBOGEN, PH.D., S. Frep Rainer, M.D., 
AND HerBert ©, LicutMan, M.D. 
PEARL River, N. Y. 


. ees distinetly different methods are available for the determination of the 
potency of intrinsic factor preparations. The first is the classical clinical 
method involving about one month of observation of the hematological re- 
sponse of pernicious anemia patients in relapse, and the second method, or 
group of methods, involves measurement of the absorption of radioactive 
vitamin B,, by pernicious anemia patients in remission. It is desirable to com- 
pare the two general procedures with a variety of intrinsic factor preparations 
to establish quantitative relationships; i.e., the relationship between the mini- 
mum daily oral dose of intrinsie factor obtained from the clinical method and 
the amount needed to give a conveniently measurable and nearly maximum 
absorption of radioactive vitamin B,,.. Absorption may be measured by fecal 
excretion,’ hepatic uptake,? or urinary exeretion.* An improved version of 
the urinary excretion test (UET)* was developed, and as this paper reports, 
was compared with the classical clinical method. 

















MATERIALS AND METHODS 


Clinical evaluations using pernicious anemia patients in relapse were performed by 
Dr. T. D. Spies, Nutrition Clinic, Hillman Hospital, Birmingham, Alabama, and Dr. C. C. 
Ungley, Royal Victoria Infirmary, Newcastle-upon-Tyne, England. The UET and some of 
the clinical assays were performed on patients with typical addisonian pernicious anemia 
in remission and relapse from the wards and outpatient department of Kings County 
Hospital, Brooklyn, New York. The procedure used for the UET on these patients was as 
previously outlined.t Two micrograms of vitamin B,.-Co6® was given orally, and a portion 
of that absorbed in the presence of intrinsic factor was flushed out of the tissues by in- 
jection of 1 to 4 mg. of unlabeled vitamin B,.. In some of the tests a highly sensitive 
procedure for counting large volumes of urine was used.5 

Assays for clinical activity of intrinsic factor preparations were performed as fol- 
lows: A ten-day or more control period during which time the patient received 10 to 15 
meg. of vitamin B,, per day orally preceded the actual test. If there was no reticulocyte 
response to this regime, the patient was then given in addition to the oral vitamin B,, a 
daily oral dose of an intrinsic factor preparation. If during 21 days of therapy the red 
blood cell count rise and reticulocyte response were near those expected according to the 
charts of Sturgis and Isaacs,* the intrinsic factor preparation used was considered fully 
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active. If no reticulocyte peak or red blood cell count rise was obtained, the intrinsic 
factor preparation was considered inactive. If the reticulocyte peak and red blood cell 
count rise were significantly less than expected, the preparation assayed was considered of 
suboptimal activity. In the UET, each patient was first tested with 50 mg. of a reference 
sample of intrinsic factor (186-1) because of the established variation in excretion values 
among patients. The excretion value obtained with use of the unknown sample was 
then compared with that of the reference sample in a second test. The potency of the 
reference sample was first established by clinical tests with 12 relapsed patients (Table I), 
Six patients receiving orally 50 mg. and 3 patients receiving 25 mg. of 186-1 daily, to- 
gether with 10 meg. of vitamin B,, showed full clinical responses in 14 days. Three patients 
responded submaximally to 12.5 mg. of 186-1 plus 10 meg. vitamin B,, administered orally 
for 14 days. It was therefore concluded that 50 mg. of reference sample was equivalent to 
at least 2 to 3 times the required minimum daily oral dose.* Using the fecal excretion 
method to study this reference sample (186-1), Baker and Mollin? found that 50 mg. 
administered with 0.8 meg. vitamin B,.-Co6° caused an average absorption of 0.45 meg. of 
vitamin B,, in 5 patients. By administering 50 mg. of reference sample with 2 meg. 
vitamin B,,-Co®® to 31 patients, Ellenbogen and associatest found a urinary excretion value 
of 0.19 meg. vitamin B,, which according to Callender and Evans$ is equivalent to an 
average absorption of 0.57 meg. Callender and Evans in a study of 84 pernicious anemia 
patients found that sample 186-1 consistently increased absorption of vitamin B,, as 
measured by both the urinary and fecal excretion methods. 

Injections of nonradioactive vitamin B,, were given on the second and sometimes on 
the third day after each oral administration of vitamin B,,-Co®°, as well as on the first 
day, to flush out additional radioactivity in the urine and to detect the occasional occur 
rencet of the excretion of a greater amount of radioactivity on the second or third 
day than on the first day. 


TABLE I. CLINICAL EVALUATION OF REFERENCE SAMPLE, 186-1* 








RETICULO- 


INTRINSIC | RED BLOOD CELL COUNT HEMOGLOBIN 
(@M./100 ML.) CYTE 


FACTOR | (MILLION/CU. MM.) 
DOSE AT 14 


EVALUATION 





AT 14 PEAK OF CLINICAL 


PATIENT MG, | INITIAL | DAYS | INITIAL | DAYS ( % ) ACTIVITY 
S. V. 12.5 2.47 2.75 9.3 10.0 8.6 Submaximum 
. RK. 12.5 2.35 2.81 8.8 9.8 8.9 Submaximum 
12.5 2.27 2.6! 8.3 9, 7.9 Submaximun 





25 2.29 2. 8. 9, 11.3 Active 
25 2.37 : 8.: 9.; 10.3 Active 
25 2.44 3.73 9.€ a2 10.0 Active 


50 2.41 2.66 “ 8. 12.8 Active 
50 2.48 2.0% ‘ S. 13.0 Active 
50 2.23 2.6 ; 8. 16.4 Active 
50 2.21 6 . p 14.7 Active 
50 2.41 Bey F 8.3 11.4 Active 
50 2.46 2.81 oe 8. 10.4 Active 





*These clinical assays were kindly performed Tom D. Spies, Nutrition Clinic, 
Hillman Hospital, Birmingham, Ala. 


RESULTS 
The first approach to finding the quantitative relationship between daily 
doses of intrinsic factor effective for pernicious anemia patients in relapse 
and the amount necessary to give a satisfactory urinary excretion response 
*By “daily oral dose’ we mean the minimum amount of intrinsic factor preparation in 
question, which when administered orally along with 10 to 15 mcg. of vitamin Bi to patients 


with addisonian pernicious anemia in relapse will produce a satisfactory clinical response 4s 
well as a hematological response approximating the averages expected.® 
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was to determine the effect of one intrinsic factor preparation using the UET 
and a large number of pernicious anemia patients. The preparation selected 
was sample 186-1, subsequently used as the reference sample. Fifty milli- 
grams of sample 186-1 administered orally to 46 pernicious anemia patients 
caused an average excretion of 8.7 per cent of 2 meg. vitamin B,.-Co® given 
simultaneously. Without intrinsie factor the same patients exereted 0.9 per 
cent. 

The second approach was the testing of a large number of different in- 
trinsic factor preparations using the clinical (Table II) and UET methods 
(Table IIT). Several patients who showed a good hematological response on 
a given daily dose of intrinsic factor gave very low excretion values at the 
same dose using the UET. It was apparent from this observation, together 
with the relatively higher excretion values obtained with 50 mg. of the refer- 
ence sample, that an amount of intrinsic factor greater than one daily oral 
dose was needed to produce a maximum response in the modified UET. 

With use of the deseribed procedures, the results with all intrinsic factor 
preparations tested by both methods are listed in Table III in order of de- 
creasing potency as indicated by the UET. Using the indicated amounts the 
preparations listed under group A showed full activity clinically and in the 
UET. With but 1 exception (preparation 237), the amounts of the samples 
in Group A were known or strongly indicated to be equivalent to 2 or more 
daily doses. Thus preparation 196 in group A was tested by both methods at 
200 mg., but a second clinical test (Table II) indicated that 100 mg. or less 
was the minimum daily oral dose. Similarly, second clinical tests showed full 
activity of samples 235 and 236 at 25 mg. and sample 260 at 30 mg., indicat- 
ing that the amounts listed under group A for these samples were equivalent 
to 2 or more daily oral doses. Preparations 233 and 309 were made with the 
same starting material and same process as preparations 235, 236, and 237, 
which were active clinically at a daily oral dose of 25 mg. (Table II). There- 
fore, it appears likely that 300 mg. of 233 was equivalent to at least 12 daily 
oral doses and 50 mg. of 309 equivalent to at least 2 daily oral doses. Prepara- 
tions 233 and 309 were not tested at a lower level. 

The intrinsie factor preparations listed under group B in the indicated 
amounts were all fully active clinically but of submaximum activity in the 
UET. Although the amount of preparation 255 administered in the UET was 
2.) times the amount given daily in the clinical assay, the response in the UET 
was submaximum. This suggests the ratio of dosage in the UET to daily dose in 
the clinical assay in some tests may be closer to 3 than 2. Since in the cases 
of samples 236 and 241 the same patient was used for both assay methods, the 
results with these samples in particular support the conclusion that an amount 
greater than 1 daily oral dose is needed for full activity in the UET. 

Further correlation of the clinical and UET methods is shown by the data 
in groups C and D. The low order of activity of intrinsic factor preparations 
listed in group © as determined clinically was also readily apparent from the 
results of the UET assays. In this group the importance of the reference 
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TaBLE JIT. EVALUATION OF INTRINSIC FACTOR ACTIVITY BY THE MODIFIED UET AS COMPARED 
TO THE CLINICAL ASSAY USING PERNICIOUS ANEMIA PATIENTS IN RELAPSE 





EXCRETION IN URINE (%) _ 
AMOUNT |WITH 50 MG.| 
INTRINSIC GIVEN WITH \OF INTRINSIC 
FACTOR | IN BOTH | WITHOUT | UNKNOWN | _ FACTOR 
PREPARATION | METHODS* | INTRINSIC | INTRINSIC | REFERENCE | 
(mMa.) | FacToR | ¥FacTOR | SAMPLE | COMMENTS 
Group A. Material Found Fully Active by Clinical and UET Methods 
200 0.7 4.4 4.8 72 Hour urine collections; 
4 mg. flushing doses 
4 mg. Flushing doses 
4 mg. Flushing doses 
4 mg. Flushing doses 
4 mg. Flushing doses 





300 RS 
50 )é 
50 2. 
25 Bs 
60 (30) Ri 

50 0.0 


w 
no C1cS 
So am Bi oh 
AoW SO 


~“1—1 01 & 


Noon 


on 


—_— 


Group B. Material Found Fully Active Clinically but Submaximum by UET 
1.0 2. 3.9 72 Hour urine collections ; 
4 mg. flushing doses 
: 1.5 

234 ' 0.5 

236 : 0.6 2. 5. Same patient used for clini- 
eal and UET assays 

236 2i 0.3 . 

241] : 0.6 2. 4, Same patient used for clini- 
cal and UET assays 

241 é 3.8 5. Same patient used for clini- 
eal and UET assays 

255 5. 

260 , : 24 Hour urine collection 
with intrinsic factor 
reference sample 

306 50 0.1 > 2.9 


Group C. Material Found Submaximum by Clinical and UET Methods 
0.0 L.5 12.7 
0.3 1.6 6.2 
0.3 0.7 13 

2.7 16.4 


201 
201 
209 
209 


bho eR bo bo 


Same patient used for clini- 
eal and UET assays 
19.1 4 mg. Flushing doses 
12.1 
7.8 
“ 5.6 
2.( 4.9 


230 
242 
247 
254 
330 


~) 


t 


1Or1orce 


— 
oo U 


Group D. Material Found Inactive by Clinical and UET Methods 
238 15 j 0.7 5.5 
256 D “ 0.7 5.0 
307 (9! ’ 0.4 2.6 
wr *In most instances this is the amount given in the UET and each day in the clinical test. 
When the amount differs, that used in the clinical test is given in parentheses. 


sample is particularly apparent. The excretion values resulting from prepara- 
tions 230, 242, and 247 were nearly identical to values obtained with prepara- 
tions 233 and 235 in group A. In fact, preparation 230 had a greater excretion 
value than 3 samples in group A. The excretion values for samples 230, 242, 
and 247 were interpreted as indicating a submaximum response, since the 
respective excretion values on the reference sample were high; i.e., the pa- 
tents had a high potential capacity to absorb vitamin B,.-Co®. As shown 





516 WILLIAMS ET AL. J. Lab. & Clin. Med 
October, 1956 


under group D, the three preparations found inactive clinically were also in- 
active by the UET. In the assays conducted so far, no preparation was found 
active in the UET and submaximum or inactive clinically. 


DISCUSSION 


Results of the comparison of the clinical and the UET methods for the 
assay of intrinsie factor indicate that the UET is a valid method. To deter. 
mine the relative amounts of intrinsie factor needed in each method is indeed 
difficult since both methods are at best only semiquantitative. The important 
facts are: (1) With but few exceptions an amount of intrinsic factor equiva- 


lent to 1 daily oral dose for pernicious anemia patients in relapse is not 
sufficient in the UET consistently to give a urinary excretion value significantly 
and unequivocally greater than the excretion value for vitamin B,, alone. (2) 
In all patients studied an amount of the reference sample (50 mg.), estimated 
to be equivalent to about 2 to 3 daily oral doses, gave a satisfactory and 
readily measurable urinary excretion value. Knowledge of this relationship 
is very important. For example, Toporek and associates’ observed that cer- 
tain intrinsic factor preparations were active clinically but failed to give a 
urinary excretion value at the same dose as that which was effective when 
given daily to a pernicious anemia patient in relapse. The authors postulated 
that a certain ratio of intrinsic factor and vitamin B,. was needed and was 
not attained in the tests. An alternate possibility is that the dose of intrinsic 
factor given in the UET was not sufficient and probably was close to the 
minimum daily oral clinical dose. It is possible that regulatory authorities 
may consider the adoption of intrinsic factor assays carried out by the UET. 
In this event the data strongly indicate that the reference standard should be 
equivalent to 3 times the minimum daily oral clinical dose. 

Toporek and associates’? and Rosenblum and associates"! have compared 
the UET with clinical tests and concluded there was general correlation be- 
tween the two methods. Toporek and associates'® used both normal human 
gastrie juice and intrinsic factor preparations and concluded that a net exere- 
tion of 2.5 per cent of a 2.3 meg. oral dose of vitamin B,,.CO® indicated good 
intrinsic factor activity. This conclusion is in agreement with the data ol 
Rosenblum and associates" on a few patients. Toporek and associates"? also 
concluded that increasing the dose of intrinsic factor to about 4 daily oral 
doses in two pernicious anemia patients gave an inhibition of absorption 0! 
vitamin B,,. possibly due to the presence of inhibitory materials in the prepara 
tions. In contrast to these observations, we increased the dose of the intrinsi¢ 
factor reference sample from 50 mg. to 500 mg. in two pernicious anemia Pp 
tients with an increase in the urinary excretion value of about threefold’ 
The results with this sample are of particular importance since in another 
study the same reference sample was found to inhibit the uptake of vitamin B:: 
in young healthy males.’* Until the conflicting data on the inhibitory effects 
of large doses of intrinsic factor can be resolved, the valuable suggestion by 
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Toporek and associates’® to assay 3 different amounts of each unknown in- 
trinsic factor preparation as well as a reference sample by the UET should be 
seriously considered. 

Glass and associates'* compared the assay results on 14 different intrinsic 
factor preparations as obtained by both the vitamin B,.-Co® hepatie uptake 
method and the clinical hematological method. It was concluded that a good 
correlation between the two assay methods was obtained whether the assays 
were performed on the same or different individuals. However, if the results 
with the hepatic uptake tests were submaximum, the clinical test could be 
either negative or positive; i.e., in this instance there was poor correlation. 
This is in contrast with the results obtained with the UET under our experi- 
mental conditions in the present investigation. When the UET showed sub- 
maximum activity, the response in the clinical test was either submaximum or 
maximum. 

With continued use of the UET several more advantages have become 
apparent which have not been previously emphasized. If a liter or more of 
urine is counted by the beaker technique, the dose of radioactive Bi. in the 
UET can be smaller (0.25 we) than in any other of the isotope methods.* 
According to Callender and associates® one-third to one-half of the absorbed 
radioactive vitamin B,, is flushed out of the body by the intramuscular in- 
jection of 1 mg. of unlabeled vitamin B,.. In the hepatic uptake and fecal 
exeretion methods * as described, none of the absorbed radioactive vitamin 
is flushed out of the body. The completeness of urine collection can be con- 
veniently checked by performing creatinine determinations. No such tech- 
nique is applicable to the feeal exeretion method. The use of the UET enables 
a differentiation to be made between (1) persons who can absorb vitamin By», 
(2) pernicious anemia patients, and (3) sprue patients.*:** 7° Pernicious 
anemia patients either in relapse or in remission can be used for evaluating 
intrinsic factor preparations, The performance of the test constitutes therapy, 
diagnosis, and assay, and it is especially valuable for differential diagnosis of 
those relapsed patients who show atypical hematological and neurological 
changes. As has been pointed out by Glass,’‘ the danger to the patient and 
the serious responsibility of the physician inherent in the performance of the 
clinical test on a pernicious anemia patient in relapse are eliminated by the 
use of the isotope techniques. 

SUMMARY 

Twenty-two intrinsic factor preparations of varying potencies were 
assayed by both the classical clinical method using pernicious anemia patients 
in relapse and by an improved urinary exeretion test (UET) using pernicious 
anemia patients in remission. The improved UET was found to be a valid 
method for the assay of intrinsic factor. Preparations giving a maximum 
response in the UET also showed maximum activity in the clinical method. 
The amount of intrinsic factor required to give consistently a readily measur- 
able urinary exeretion value in the UET was equivalent to 2 to 3 times the 
minimum daily oral dose needed to produce an adequate remission in relapsed 
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pernicious anemia patients. The use in each UET of an intrinsic factor 
reference sample equivalent to 3 daily oral doses minimized individual varia- 
tions among patients and made the test more quantitative. The UET was 
found to possess several advantages over the clinical method and over other 
isotope techniques. 
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THE EFFECT OF TRYPSIN ON BLOOD COAGULATION AND THE 
MECHANISM OF ITS ACTION 


HELGE StorMoRKEN, M.D., V.M.D. 
Oso, Norway 


INTRODUCTION 


HE ability of trypsin to accelerate the clotting of plasma was first observed 

by Douglas and Colebrook,? and Northrop and Kunitz? showed that calcium 
greatly accelerated this effect. Eagle and Harris® stated that trypsin was 
unable to clot purified fibrinogen, but could convert purified prothrombin into 
thrombin. The thrombin formed was readily destroyed by trypsin. They 
found no potentiating effect of calcium, platelets, or tissue extracts on the 
prothrombin-converting action of trypsin. However, Ferguson and Erickson* ° 
stated that cephalin in the presence of calcium accelerated the effect of 
trypsin, and Ferguson® and Milstone?’ showed that trypsin enhanced the 
thromboplastie effect of platelets. Milstone and Milstone® failed to demon- 
strate that lipoid (cephalin) acted as a cofactor for trypsin in the activation 
of proenzymes generally. Schultze and Sehwick® found that trypsin accelerated 
the conversion of purified prothrombin in concentrated citrate solutions, and 
Tyson and West!® observed that trypsin accelerated the coagulation of hemo- 
philic blood. Tagnon,’! therefore, treated hemophilic patients with trypsin. 


Recently, Deutsch and Frischauf,? using the prothrombin consumption 
test as a criterion, stated that trypsin could not replace any of the following 
factors: proaccelerin (factor V, labile factor), proconvertin (factor VII, 
SPCA), or antihemophilie factors. 


In spite of the extensive work done, however, there is no general agreement 
on the mechanism of the trypsin effect on blood coagulation. 

The experiments presented below show that, for the rapid conversion of 
prothrombin to thrombin, the effect of trypsin depends upon ealeium, cephalin, 


and proacecelerin, but does not depend on the antihemophilic factors A and B 
(PTC, Christmas factor), or upon proconvertin. 


MATERIALS 


lrypsin.—A_ stock solution containing 10 mg. per milliliter was made by dissolving 
crystalline trypsin (Trypure Novo, Copenhagen, containing 22 to 25 Anson units per gram) 
in Veronal buffer. This was stored at —20° C. in small portions. No loss of activity could 
he detected by such storage. 
Crude Brain Cephalin (Partial Thromboplastin).—Crude brain cephalin was prepared 


from human brain according to the technique described by Milstone? and Rapaport and 


Krom the Medical Department A, Oslo University Medical School, Oslo, Norway. 
‘eceived for publication March 1, 1956. 
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associates.13 The waxy residue was suspended in Veronal buffer to make a 2.1 Gm. per 
cent suspension, which was stored in small aliquots at -20° C. Dilutions from the stock 
suspension were made in Veronal buffer. The term cephalin is used throughout. 

Plasma Lipoid—To 20 ml. of normal plasma, 10 ml. of ether was added, and the 
mixture was shaken vigorously for 5 minutes. The ether layer was decanted off and placed 
on a water bath at 50° C. for evaporation. The residue was suspended in 2 ml. of Veronal 
buffer. 

Calcium Chloride Solutions.—Calcium chloride solutions were prepared from a 0.6 M 
stock solution in distilled water. The optimal calcium chloride concentration was estimated 
for each system. 

Veronal Buffer—vVeronal buffer was prepared according to Owren.14 Eleven and 
seventy-five hundredths grams sodium diethyl barbiturate and 14.67 Gm. sodium chloride 
were dissolved in 430 ml. of 0.1 N hydrochloric acid and distilled water added to 2,000 mi. 
(pH 7.35, ionic strength 0.154). 

Anticoagulant.—Sodium citrate dihydrate 3.13 per cent (w/v) or potassium oxalate 
monohydrate 2.5 per cent (w/v), one volume to nine volumes of blood was used. 

Platelet-Poor Plasma.—The blood was collected with silicone technique (General 
Electric Dry Film SC 87 was used for glassware and Arquad 2 C Armour for neeiles 
and red blood corpuscles were separated by centrifuging 2,500 r.p.m. for 30 minutes at 
+2° ©. The plasma was then centrifuged for one hour at 40,000 r.p.m. at low temperature 
in a Spinco high speed centrifuge. 

Glass-Activated Plasma.—Glass-activated plasma was prepared from _ platelet-poor 
plasma by adding one volume of quartz powder (particles smaller than 0.068 mm.) to 
four volumes of plasma-and shaking gently for 5 minutes. The powder was removed by 
centrifugation at 2,500 r.p.m. for 5 minutes at +2° C. 

Platelet-Rich Plasma.—Platelet-rich plasma was obtained from blood centrifuged at 
800 r.p.m. for 20 minutes at +2° C. 

Proconvertin-Deficient Plasma.—This reagent was obtained from a patient with con 
genital deficiency of proconvertin. The plasma had normal content of prothrombin and 
proaccelerin, but only 2 per cent of proconvertin. The properties of this plasma have 
been described elsewhere.15 

Proaccelerin-Deficient Plasma.—This plasma was derived from Owren’s patient with 
parahemophilia.14 The plasma is believed to be practically free of proaccelerin. 

Hemophilic A and Hemophilic B (PTC, Christmas Factor) Plasmas.—These were prepared 
from patients with classical findings of hemophilia, grouped A and B, respectively, on the 
basis of generally accepted correcting procedures. 

Adsorbed Ox Plasma.—This was prepared by filtering oxalated ox plasma througli 4 
20 per cent asbestos filter pad, followed by adsorption with 75 mg. per milliliter barium 
sulfate (Baker) for 5 minutes. Its proaccelerin and fibrinogen content is only slightly 
affected by this procedure.1¢6 The plasma did not clot on addition of saline brain thrombo- 
plastin and calcium in optimal amounts. 

Lipemic Plasma.—A normal person was given 330 ml. of 33 per cent cream and the 
blood was taken one and one-half hours after ingestion. The plasma derived from this blood 
was heavily lipemic. 

‘*Empty Serwm.’’— ‘Empty serum’’ was prepared as follows: Serum from spol 
taneously clotted blood was oxalated and adsorbed with 100 mg. of barium sulfate pet 
milliliter. After centrifugation the adsorbed serum was dialyzed against four changes of 
saline for 24 hours and then inactivated at 60° C. for 30 minutes. 

Proaccelerin Preparation.—Proaccelerin preparation was made as described by Owren." 
Oxalated ox plasma was filtered once through 20 per cent asbestos filter and then adsorbed 
with 75 mg. per milliliter of barium sulfate for 15 minutes to remove prothrombin, pro 
convertin, and hemophilia B factor. Ammonium sulfate precipitations and acid precip: 
tations were made according to Owren. The final preparation did not contain measurable 
amounts of other coagulation factors except antihemophilic factor A. It had a high potency 
and normalized proaccelerin deficient plasma in a dilution 1:50. 
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Prothrombin Preparation.—Prothrombin preparation was prepared in the following way: 
750 mg. Thrombantin (phenylindanedione) was given to a normal person in the course of 
one day and blood was drawn 30 hours after the first dose was given. Potassium oxalate 
was used as anticoagulant and complete silicone technique was employed. After separation 
of the plasma at 2,500 r.p.m. for 30 minutes at +2° C., the plasma was made platelet poor 
by centrifuging at 40,000 r.p.m. for one hour in the cold. The plasma was then defibrinated 
twice with 2 T.U. per milliliter and kept in a water bath at 37° C. for 14 hours in order 
to destroy aecelerin (serum AC globulin) and antihemophilic factor A. After these proce- 
dures, the plasma contained 70 per cent prothrombin, 13 per cent proconvertin, and less 
than 2 per cent accelerin of original activity. From this plasma, prothrombin was isolated 
by a modification of the method of Duckert, Koller, and Matter.17 The final preparation 
contained antihemophilic B factor and traces of proconvertin. 

Platelet Suspension.—The platelets in 20 ml. of platelet-rich plasma were sedimented 
in the Spinco centrifuge at 40,000 r.p.m. for one hour and suspended in 2 ml. of 


saline. 
The suspension contained about one and one-half million platelets per cubie millimeter. 


METHODS 


The clotting mixture is given for each table. All reagents were preincubated for 

3 minutes in the water bath before the clotting time was measured. Care was taken not 

to mix reagents containing trypsin with reagents containing other proteins until the moment 

when the stop watch was started. This is essential to avoid proteolytic destruction of the 

coagulation factors. All determinations were performed at 37° C., and at least in duplicate. 
RESULTS 


1. Stability of Trypsin Solutions.—A solution of trypsin in Veronal buffer, 
a mixture of trypsin and cephalin, and a mixture of trypsin and calcium were 
tested for clotting activity after storage for different intervals at varying 
temperature. It follows from Table I that the mixtures are fairly stable at 
room temperature. At 37° C. the trypsin solution and the trypsin-cephalin 
mixture lose considerable activity in one hour, whereas the trypsin-caleium 
mixture is mueh more stable. This stabilizing effect of calcium on trypsin has 
heen demonstrated previously by Bier and Nord'* and has been explained 
hy the hypothesis that calcium inhibits the self-digestion of trypsin. At 70° C. 
all mixtures were rapidly inactivated. 


TABLE [. Tuer INFLUENCE OF CALCIUM AND CEPHALIN ON THE STABILITY OF TRYPSIN 
VERONAL BUFFER SOLUTION 


Temperature °C, ; me 
Time stored 2 








10h. th. | 10 min. 
Trypsin = —_—— 10 min. 


Trypsin (330 meg./ml.) 

Cephalin (0.04 Gm. %) 7.6 7.§ 24.2 

Trypsin (330 meg./ml.) —_ co 

Caleium (30 mM) 19.0 9. 19.5 20.0 


(330 meg./ml.) 3 8. 28.0 62.2 





, Clotting mixture: 0.2 ml. trypsin + 0.2 ml. cephalin suspension + 0.2 ml. calcium solution 
+ 0.2 ml. normal human plasma. Clotting times in seconds. 


2. The Optimal Clot-Promoting Concentration of Trypsin.—Table IT reveals 


the maximal accelerating effect of trypsin to be at a concentration of 330 meg. 


Per milliliter of plasma. A slight effect is found even at a concentration of 
| meg. per milliliter. 
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3. The Effect of Serum Proteins Devoid of Clotting Factors on th 
Clotting Activity of Trypsin—From Table III it is seen that the amount of 
inert protein in the clotting mixture and the clotting accelerating effect of 
trypsin are inversely related. The figures give a straight line on double 
logarithmic paper. This effect might be explained partly by increase in anti- 
trypsin in the system, and partly by adsorption of trypsin onto serum proteins 
(enzyme-substrate binding). 

4. The Effect of Calcium on Trypsin Clotting Activity.—It follows from 
Table IV, first column, that trypsin is able to clot plasma in the absence of 
calcium. The figures in the second column, however, clearly demonstrate the 
accelerating effect of optimal amounts of calcium on the clotting activity ot 
trypsin. Experiments showed that the optimal calcium range is fairly wide 
and corresponds to that found for other comparable clotting systems. 


TABLE II. THe CLoTrinc EFrect OF VARIOUS TRYPSIN CONCENTRATIONS IN THE PRESENCI 
OF OPTIMAL AMOUNTS OF CEPIIAL IN AND C ALCIUM 





TRYPSIN CONCENTRATION “CLOTTING TIMES 
(MCG, PER ML.) (SECONDS ) 
1,000 59.0 
875 35.2 
750 l 
500  E 
330 14. 
250 1 
125 Bs 
100 20.5 
10 60.0 
1 64.8 
Buffer 68. 0 








Clotting mixture: 0.2 ml. trypsin solution + 0.2 ml. ‘cephalin suspension, 0.07 Gm. per cent 
0.2 ml. calcium, 30 mM + 0.2 ml. citrated human plasma. 


TABLE III. THr INFLUENCE OF VARIOUS DILUTIONS OF ‘‘Empty,’’ INACTIVATED SERUM 0) 
THE CLOTTING ACTIVITY OF TRYPSIN 


~ CONCENTRATION OF ** EMPTY” ; - -”:s« LOTTING TIMES 
SERUM (PER € CENT) (SECONDS ) 


100 —_ 56.5 

50 50.0 

25 40),2 

. 29.1 

18.5 

Buffer 17.3 
Clotting mixture : 0.2 : mi. trypsin-cephalin mixture (330 mcg./ml. and 0.07 Gm. per cent 
Pha ml. CaCl, 30 mM + 0.2 ml. “empty” serum in various dilutions + 0.2 ml. normal citrate 

plasma. 


TABLE IV. THE CLoTTine Activiry OF TRYPSIN WITH AND WirHourT CALCIUM ADDED TO THI 
CLOTTING MIXTURE 





TRYPSIN CONCENTRATION | CLOTTING T IME s (SEC ONDS ) a 


_(uce, PER ML.) CALCIUM (301 mM ) BUFFER 


1,000 55.2 ~ 600 
500 16.1 128 
250 16.5 227 


100 31.3 600 
Buffer 74. 0 No elot 








Clotting mixture: 0.2 ml. ‘trypsin solution + 0.2 ml. cephalin, 0.07 Gm. per 
ml. calcium solution, or Veronal buffer + 0.2 ml. human citrated plasma. 
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5. The Effect of Cephalin on Trypsin Clotting Activity—tIn the experi- 
ment reported in Table V the concentration of cephalin varied, while the other 
factors were kept constant. It follows from the table that the optimal range 
of cephalin concentration for accelerating trypsin lies between 0.07 and 0.04 
(im. per cent with the cephalin preparation used. This is the same as that 
found to be optimal for Russell’s viper venom,?® and for the cephalin time of 
normal plasma. 

As is evident from the figures in Table VI this concentration is optimal 
for most plasmas (second column). Further, it is seen from the first column 
that when cephalin is not added, the number of platelets and the plasma lipoids 
are of great importance for the clotting activity of trypsin. We have found 
that both platelets and plasma lipoids ean fully replace cephalin when added 
in sufficient amounts. 

It would be of interest to know if a time-consuming reaction takes place 
between cephalin and trypsin. Thus, the experiment reported in Table VII 


TaBLE V. Tue Errecr OF VARIOUS CONCENTRATIONS OF CEPHALIN ON TRE CLOTTING ACTIVITY 
OF TRYPSIN 





CONCENTRATION OF CEPHALIN CLOTTING TIMES 
(GM. PER CENT ) (SECONDS ) 
~ 22 ; - 2.7 
0.44 22.7 
0.11 21.1 
0.07 17, 
0.04 17.3 
0.02 18.6 
0.004 21.8 
0.0002 43. 


Buffer 47.0 


9 
o 
9 


Clotting mixture: 0.2 ml. trypsin (330 mcg./ml.) + 0.2 ml. cephalin suspension, various 
concentrations + 0.2 ml. CaCl, 30 mM + 0.2 ml. normal citrated platelet-poor plasma. 





TABLE VI. THe CLOTTING EFFECT OF TRYPSIN AND TRYPSIN-CEPHALIN ON DIFFERENT 
PLASMAS, AND THE EFFECT OF ADDING PLATELETS AND PLASMA LIPOIDS 


PLASMA l ~ 'TRYPSIN-BUFFER —sd:~ ~ ‘TRYPSIN-CEPHALIN 
Normal fasting 32.! 13.2 
After fatty meal 30. 13.3 
Platelet-rich 25.¢ 3 
Platelet-poor 3 








Normal + platelets 5. 4 
Normal + lipoids : 


de 
oO. 
) 


€ 
=. 


Clotting mixture: 0.2 ml. trypsin sol., 330 meg./ml. + 0.2 ml. cephalin suspension or 


buffer + 0.2 ml. calcium sol., 30 mM + 0.2 ml. plasma. 


TaBLE VII. Tuer Errecr or INCUBATION ON THE ACTIVITY OF A MIXTURE OF TRYPSIN AND 
CEPHALIN 
INCUBATION TIME INGTIMES 
(SEC. ) 
- 35.38 
34.8 


35.2 


35.8 
30 36.5 
Clotting mixture: 0.2 ml. trypsin, 50 meg./ml. 
} incubated. Then 0.2 ml. CaCl, 30 mM, and 0.2 
simultaneously. 


me + 0.2 ml. cephalin, 0.07 Gm. per cent 
ere 


ml. normal citrated plasma were added 
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was done. Trypsin and cephalin were mixed and incubated at room tempera. 
ture, and the clotting activity was tested at different intervals. As will be 
seen from the table, no time-consuming reaction was found. Neither was any 
shortening of the clotting time found when cephalin and plasma were incubated 
before the addition of trypsin. 

6. The Effect of Saline Brain Thromboplastin on Trypsin Clotting Ac- 
tivity—When saline brain thromboplastin was substituted for cephalin, it 
behaved just as cephalin. The only difference was a slightly increased activity, 

7. The Effect of Trypsin-Calcium and Trypsin-Calcium-Cephalin on Hemo- 
philia A and Hemophilia B Plasma, and on Proconvertin-Deficient Plasma— 
The plasmas used in the experiment reported in Table VIII were platelet-poor 
except for the proconvertin-deficient sample. In spite of the great differences 
in recalcification time and cephalin time for these samples, the trypsin-ealcium- 
cephalin times are about the same. Thus, the results strongly indicate that 
trypsin acts independently of the antihemophilic factors A and B and of 
proconvertin. 

8. The Effect of Glass Activation of Plasma on the Clotting Activity o/ 
Trypsin.—In Table 1X a comparison of the activity of trypsin on ‘‘silicone” 
plasma and on glass-activated plasma is shown. 

It is evident that the effeet of trypsin is independent of glass activation. 
Sinee the activity of both proconvertin and of antihemophilic B_ factor is 
greatly increased by the glass-activation procedure,’® this finding again indicates 
that trypsin acts independently of proconvertin and antihemophilic B factor. 


TABLE VIII. THe Errect or TRYPSIN AND TRYPSIN-CEPHALIN ON ANTIHEMOPHILIC A, 
ANTIHEMOPHILIC B, AND PROCONVERTIN-DEFICIENT PLASMAS 





CALCIUM 





CALCIUM | CALCIUM | CALCIUM 
BUFFER CEPHALIN | TRYPSIN TRYPSIN 
BUFFER BUFFER CEPHALIN 

Hemophilia A plasma 375 135 8 16.0 

Hemophilia B plasma 680 250 5 

Proconvertin-deficient plasma 120 71.2 

Norma] plasma 220 65.0 


| 
| 
| 








Clotting mixture: 0.2 ml. of each reagent as given in the table. Concentration of 
trypsin 330 mcg./m!., cephalin suspension 0.07 Gm. per cent. 


TABLE IX. COMPARISON BETWEEN THE EFFECT OF TRYPSIN-CEPHALIN AND SALINE BRAIN 
THROMBOPLASTIN ON SILICONE- AND GLASS-ACTIVATED PLASMA 








| PLASMA 

| SInICONE l GLASS-ACTIVATED 
Trypsin-buffer 36.2 40.0 
Try psin-cephalin 15.0 15.2 
Saline brain thromboplastin 15.6 11.8 











Clotting mixture: 0.2 ml. trypsin or saline brain thromboplastin + 0.2 ml. cephalin or 
buffer + 0.2 ml. CaCh, 30 mM + 0.2 ml. plasma. Clotting times in seconds. 


9. The Effect of Trypsin on Proaccelerin-Deficient (Parahemophilit) 
Plasma.—F rom Table X it follows that the effect of trypsin is largely dependent 
on the proaccelerin content in the system. To rule out the possibility that this 
effect could be caused by the Hageman factor,?° which is found in the same 
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TaBLE X. THE EFFECT OF TRYPSIN ON PROACCELERIN- (PLASMA AC-GLOBULIN) DEFICIENT 
PLASMA, AND THE EFFECT OF ADDING PURIFIED PROACCELERIN 





REAGENT | MILLILITERS ADDED 
Trypsin (330 meg./ml.) z 0.2 ie 
Proaccelerin _ : 0.1 
Buffer 0.3 0 0.2 
Cephalin (0.14 Gm. per cent) 0.1 0 
Calcium chloride (30 mM) 0.2 ( 
Proaccelerin-deficient plasma 0.2 0 








O° 
bo 


€ 


ATE 


— 
ad ed eet 
= 


}o 


Clotting times (seconds) | % 270 


| 
| 


plaama fraction, a ‘‘proaccelerin’’ preparation from parahemophilia plasma 
was made. This preparation, however, had no accelerating effect on trypsin 
activity. Indeed, a moderate inhibition was observed. 





INCUBATION TIME -MIN. 


The activation of a prothrombin preparation without trypsin in the activation mixture 
CE-cephalin, CA-calcium, PACC-proaccelerin. 


10. Effect of Different Trypsin Mixtures on ‘‘Purified’’ Prothrombin.— 
We have further studied the thrombin formation from a prothrombin prepara- 
tion by trypsin and the influence of cephalin, calcium, and proaccelerin on 
this reaction. The experiment was performed as follows: concentrations of 
trypsin and the prothrombin reagent giving suitable clotting times were worked 
out in preliminary experiments. The final concentration in the reaction mixture 
was: trypsin 6 meg. per milliliter, cephalin 0.01 Gm. per cent, proaccelerin 
2) per cent of normal plasma activity, and calcium chloride 2.5 mM. The 
basic reaction mixture was 0.4 ml. prothrombin reagent + 4 x 0.4 ml. Veronal 
buffer. In turn, 0.4 ml. of the buffer was substituted with 0.4 ml. of one or 
hore of the other reagents under investigation. Thus, the separate effect of 
each factor and the combined effect of two or more factors could be studied 
under similar conditions. At intervals, 0.2 ml. was removed from the ineuba- 
tion mixture and tested for thrombin activity in a mixture of equal parts of 
absorbed plasma and Veronal buffer. The clotting times were converted to 
thrombin units from a thrombin dilution curve standardized with the same 
substrate plasma. The results are shown in Figs. 1 and 2. 
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In Fig. 1 the lower curve represents the activation curve of the prothrombin 
preparation with caleium and cephalin; the upper eurve with calcium, cephalin, 
and proaccelerin. It is seen that the preparation is poorly activated with 
ealecium and cephalin alone, indicating that the preparation is nearly free of 
proaccelerin. When proaccelerin preparation is added, the activation is con. 
plete in about 5 minutes, and the curve is of the autocatalytie type. The 
rapidity of the activation in this case is presumably caused by contamination 
of the proaccelerin preparation with antihemophilic factor A, and of the 
prothrombin preparation with antihemophilic factor B. 

In Fig. 2 curve T shows the activation curve with trypsin alone, and curve 
T-CE with trypsin and ecephalin together. It is evident that trypsin alone ean 
eonvert prothrombin to thrombin, since it has been shown in Table X that the 
contaminants antihemophilic factor B and proconvertin have no influence on 
the activity of trypsin. The yield, however, corresponds to only about 40 per 


T-CE-CA-PACC 


—y—— 





a 


THROMBIN 


T-CA-CE-B 








4 5 
INCUBATION TIME — MIN 


Fig. 2.—The activation of a prothrombin preparation with trypsin in the activation mixture 
T-trypsin, B-buffer; otherwise as in Fig. 1. 


cent of the potency of the preparation. Curves T and T-CE further show that 
eephalin does not influence the activity of trypsin when calcium is absert. 
Curve T-CA shows the activation when both trypsin and calcium are used 
Both the speed of thrombin formation and the yield are then higher. In curve 
T-CE-CA, trypsin, calcium, and cephalin have been used as activators. It is 
seen that the speed of thrombin formation is greater when calcium and cephalil 
are combined than for either of the components, but the yield shows practically 
no inerease as compared with calcium alone. From eurves T, T-CE, and 
T-CE-CA it might be concluded that cephalin requires calcium to exert its 
effect on trypsin clotting activity. Finally, curve T-CE-CA-PACC shows the 
result when trypsin, cephalin, calcium, and proaccelerin are used as activating 
principle. From this eurve it is evident that proaccelerin has a marked 
influence both on the speed of thrombin formation and on the yield of thrombin. 
The yield, however, is still somewhat lower than when calcium, cephalin, and 
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aber | 
proaccelerin were used (Fig. 1). The reason for this is presumably tryptic 
digestion of the formed thrombin. It is further notable that the activation 
curves are of the hyperbolic type when trypsin participates in the activation 
mixture. 

DISCUSSION 


The experiments reported in Table X show that the clotting activity of 
trypsin does not depend on the antihemophilic factors A and B nor on pro- 
convertin. This is in contrast to the findings of Deutsch and Frischauf,’? who 
ued the prothrombin consumption as the criterion. Concerning the anti- 
hemophilie factors, the diserepaney might be explained by the assumption that 
trypsin, cephalin, and calcium cause a rapid formation of thrombin sufficient 
to cause coagulation. For the total conversion of the present prothrombin, 
however, the normal plasma prothrombinase may be necessary, and if this is 
so, the antihemophilic factors are needed. 

The diserepaney with respect to proconvertin, however, is difficult to ex- 
plain. Current opinion®® is that proconvertin does not partake in the formation 
of plasma prothrombinase (plasma thromboplastin). In accordance with this, 
most of the congenital proconvertin-deficient plasmas show normal prothrombin 
consumption.*?-"*4 The finding (Table IX) that glass activation has no effect 
wn trypsin activity also supports the view that trypsin acts independently of 
proconvertin. The experiments with a prothrombin preparation support the 
plama experiments (Figs. 1 and 2). Proaecelerin shows a marked influence 
hoth on the speed of thrombin formation and the yield by trypsin. The same 
was pointed out for normal coagulation by Owren in his original study of 
parahemophilia. The difference in the shape of the activation eurves with and 
without trypsin in the activating mixture (see upper curve in Fig. 1, and 
curve T-CE-CA-PACC in Fig. 2) is presumably caused by a combination of 
two factors: (1) the lag phase before thrombin formation starts is abolished 
when trypsin is present because of its ability to convert prothrombin alone, 
and (2) trypsin causes a rapid activation of proaccelerin to aecelerin.2> Thus, 
the normal autocatalytie curve changes to a hyperbolic one when trypsin is 
present. 

SUMMARY AND CONCLUSIONS 


1. Trypsin is able to clot decalcified plasma and to convert ‘‘purified’’ 
prothrombin to thrombin. 
2. Calcium and cephalin accelerate this activity of trypsin. 


3. Cephalin requires calcium for its effect. 


4. The activity of a trypsin-cephalin-calcium mixture depends on pro- 
accelerin, but not on the antihemophilic factors A and B (PTC, Christmas 
lactor) nor on proconvertin (factor VII, SPCA, stable factor). 


. d. The action of trypsin on blood coagulation is similar to that of Russell’s 
viper venom, but less specific. Like the latter, trypsin together with calcium, 
‘ephalin, and proaccelerin constitutes a prothrombin-converting principle simi- 
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lar in effeet to plasma prothrombinase (plasma thromboplastin) and to tissue 
prothrombinase (the product of tissue thromboplastin, caleium, proconvertin, 
and proaccelerin), though less active. 
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THE EFFECT OF PANCREATECTOMY UPON BLOOD SUGAR AND 
SERUM AMINO ACID CONCENTRATION FOLLOWING THE 
ADMINISTRATION OF AMINO ACIDS 


SHERMAN M. MEeuuinkorr, M.D., Henry N. Suipata, M.D., MARJORIE 
FRANKLAND, A.B., AND MARGARET GREIPEL, A.B. 
Los ANGELES, CALIF. 


HE ingestion or the infusion of hydrolyzed casein causes the blood sugar 
Dicameien to fall. 2 One possible explanation for this phenomenon is 
{o assume that an elevation of the serum amino acid level evokes the secretion 
of insulin. When the opportunity presented itself, therefore, it seemed worth- 
while to observe the effects of amino acid administration in pancreatectomized 
individuals. 


MATERIAL AND METHODS 


One subject (L. R.) was a 34-year-old man rendered mildly diabetic by incapaci- 
tatingly painful attacks of chronic relapsing pancreatitis over a period of nine years. 
Prior to surgery his fasting blood sugar was between 86 and 123 mg. per cent. His oral 
glucose tolerance test was diabetic (up to 400 mg. per cent at 4 hours), but on an ordinary 
diet he required no insulin to prevent ketosis. Before surgery this patient was infused with 
-)) ml, of 10 per cent amino acids* in 45 minutes, and blood specimens were obtained in 
the fasting state before the infusion, and at the following intervals after the beginning of 
the infusion: 10 minutes, 30 minutes, and 1, 2, 3, and 4 hours. The blood sugar concentration 
n each specimen was estimated in duplicate, and in all specimens except the 10- and 30- 
minute ones, the serum amino acid nitrogen concentration was measured in duplicate. Five 
Weeks after a total pancreatectomy the patient was getting 30 units of NPH insulin every 
norning before breakfast and pancreatin before and after meals. He spilled 20 Gm. of 
‘ugar a day in his urine, but no acetone. One morning his insulin was not given until 
after the infusion-experiment described above was repeated, and one week later the same 


experiment was repeated with the following exceptions: the same quantity of the same 
amino acid mixture was given by mouth and specimens were obtained at the following intervals 
alter the test meal: 30 minutes, 60 minutes, 90 minutes, and 2, 3, and 4 hours. Blood sugar 


] 
eterminations were made for each specimen and amino acid measurements for all specimens 
except the 90-minute one. 


The second subject, a 40-year-old man (S. D.), underwent total pancreatectomy seven 
‘id one-half months prior to the test. Operation had been performed because of chronic 
relapsing pancreatitis with severe pain. This patient was taking 28 units of NPH insulin 
luily before breakfast, and pancreatin before and after meals. Results of urine sugar tests 
‘ere 1 to 4 plus. An infusion-experiment as described above was performed, and one week 


ter the same amino acid mixture was given by mouth with the same observations described 
above, 
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The third subject (A. G.) had suffered attacks of chronic relapsing pancreatitis for 
many years prior to the total pancreatectomy. Three months after his operation he required 
30 units of NPH insulin and 20 to 40 units of regular insulin daily to control his diabetes 
moderately well. His urine was acetone-free; his weight stable; and his urine sugar tests 
were read from (0 to 4 plus. At that time an intravenous amino acid test was performed 
as described above. 

Blood sugar was determined by the iodometric method of Somogyi? and amino acid 
nitrogen by the copper method of Albanese.t In 162 pairs of such duplicate determinations 
in this laboratory the standard deviation was 1 mg. per cent for the sugar measurements and 
0.1 mg. per cent for the amino acid nitrogen measurements. 

The results of these experiments were compared with the data obtained in previous 
experiments with normal volunteers and hospitalized patients having neither diabetes nor 
liver disease.1,2,5,6 The amino acid determinations were made in the way described here, 
but some of the glucose estimations were made by the method used in this experiment and 
some by a modification of the Folin-Wu procedure.? 


TABI 


RESULTS 

The data from all of the amino acid curves are summarized in Tables Tt 
I and II and those from all of the blood sugar eurves in Tables III and IV. _( 
In all three subjects the postpancreatectomy amino acid curves were abnormally 10 ; 
high. 

The single prepancreatectomy sugar curve (in L. R.) was rather flat as 
compared with the average normal curve found in previous experiments but 
not beyond the normal range. Following pancreatectomy the ingestion of amino cent 
acids produced sugar curves higher than any curve we have seen in 27 non- acid 
diabetic individuals. The infusion of amino acid induced changes in the blood dat 


Pan¢ 


sugar that were not so clearly different from the normal data, but certainly gro 
were suggestive of the type of difference found in the oral experiments (Table sug 
IIT). 

Comparisons of control and pancreatectomized individuals were made by 
a ‘‘t’’ test for difference in means. The following data so compared were 
different at a ‘‘p’’ of 0.05: peak and nadir of the amino acid nitrogen con- cen’ 
hyp 


TABLE I. SenuM AMINO AcID NITROGEN CONCENTRATIONS IN 16 CONTROL AND 3 PANCREATEC i 
TOMIZED INDIVIDUALS FOLLOWING INFUSIONS OF 250 ML. OF 10 PER CENT AMINO ACIDS gly 


— —_—_- the 
= een a oo thai 
STANDARD | STANDARD | 4-HOUR | STANDARD : 

PEAK DEVIATION | NADIR | DEVIATION | AVERAGE | DEVIATION IS a 
== ae 7 : ‘ 10.6 








PER CENT CHANGE FROM FASTING LEVEL 





CONTROL +46 19 | —€4 | 87 =— 





’ +65 | 0 ~ | 426 
-ancreatectomized .D. +157 | +12 +61 
+48 : +16 








L. R. before 
pancreatectomy a +28 











TABLE II. SeruM AMINO AcrID NITROGEN CONCENTRATIONS IN 24 CONTROL AND 2 PANCREATEC: 
TOMIZED INDIVIDUALS FOLLOWING INGESTION OF 250 ML. OF 10 Per CENT AMINO ACIDS 








PER CENT CHANGE FROM FASTING LEVEL ae 
STANDARD STANDARD | 4-HOUR STANDARD 
| PEAK DEVIATION NADIR DEVIATION | AVERAGE DEVIATION 





CONTROL | +35 7.3 7.1 6.7 | +124 68 





ancreatectomized | LR. | +37 | | «es fF; — | 421.0 | 
ancreatectomizec SD. | +71 | 36 | peo 
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Taste III. BLoop SuGAr CONCENTRATIONS IN 16 CONTROL AND 3 PANCREATECTOMIZED 
INDIVIDUALS FOLLOWING INFUSION OF 10 PER CENT AMINO ACIDS 








PER CENT CHANGE FROM FASTING LEVEL 
STANDARD STANDARD | 4-HOUR STANDARD 
1 HOUR DEVIATION | 4 HOUR | DEVIATION | AVERAGE | DEVIATION 








CONTROLS | 21.2 15.3 ~ —0.6 12.1 | -38 | 100° 





$3.0 “415.0 +5.0 
ancreatectomized .R. +29.0 | +39.0 +28.0 
| +20.0 +13.0 

a 








ic before 
pancreatectomy |} -l. +3.0 +4.0 





Control Sugars by Folin-Wu; others by Somogyi. 


laBLE IV. BLoop SuGAR CONCENTRATIONS IN 27 CONTROL AND 2 PANCREATECTOMIZED 
[INDIVIDUALS FOLLOWING INGESTION OF 250 ML. oF 10 PER CENT AMINO ACIDS 








| PER CENT CHANGE FROM FASTING LEVEL 
| Pai | STANDARD | STANDARD | 4-HOUR | STANDARD 
| 1 HoUR | DEVIATION | 4 HOUR | DEVIATION | AVERAGE | DEVIATION 








17 Controls | 
(Somogyi) | 42. , 2.2 | 12.1 








10 Controls 
(Folin-Wu) | 9.: | -35 |  #§ a | —2.8 | 
= a re ~ +30.0 +41.0 +34.0 


Pancreatectomized Sp. | 420.0 421.0 417.0 





centrations following infusion of amino acids (Table I) and lowest amino 
acid nitrogen concentration after ingestion of amio acids (Table II). All other 
data (Tables I through TV) were different in the control and pancreatectomized 
groups at a ‘‘p’’ of 0.01. There was no significant difference between control 
sugars by the Somogyi and Folin-Wu methods. 


DISCUSSION 

Others have found that among diabeties the fasting blood amino acid con- 
centration is slightly higher than it is among normal controls.* This relative 
hyperaminoacidemia is not so marked as, but is comparable with, diabetic hyper- 
glyeemia, since insulin lowers the blood amino acid concentration as well as 
the blood sugar. The data reported here are too few in number to conclude 
that amino acid ‘‘toleranee’’ is diminished in pancreatic diabetes, but there 
is a suggestion that such is the ease. 

Even with so few observations there is little doubt that pancreatectomy 
reverses the usual depression of the blood sugar produced by infusion or in- 
gestion of amino acids (Tables III and IV). It is true that even prior to 
pancreatectomy L. R.’s postinfusion sugar curve was rather flat as compared 
with the normal. At that time, however, he already had mild diabetes, un- 
doubtedly produced by partial destruction of the pancreas. After pan- 
treatectomy, all three individuals had high blood sugar curves as compared 
with curves previously induced by this technique in nondiabetic individuals. 

It does not seem likely that these changes were due to operation per se, 
rather than to removal of the islets of Langerhans. Two of the tests were 
done five to six weeks after surgery; one, three months after surgery; and 
two, more than seven months after surgery. 
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The evidence suggests that the absence of insulin was in some way responsi- 
ble for an abnormal hyperglycemic response to amino acids. Insulin, however, 
was not entirely absent. Its injection was omitted on the days of the tests, 
but previously NPH insulin had been regularly administered. Thus some 
persistent effect of previously injected long-acting insulin must have been present 
during the test periods. This fact might be interpreted to mean that the normal 
hypoglyecemie response to amino acid absorption is due to secretion of insulin 
by a responsive pancreas. It is still possible, however, that the role of insulin 
in this situation is only a permissive one. Conceivably, an adequate amount of 
insulin need not be augmented by islet secretion to allow depression of the 
blood sugar by the amino acids themselves or by other forces activated by the 
amino acids. While some insulin was available during these experiments, and 
while ketosis was absent, it is obvious that there was not an optimal amount 
of insulin supplied, since glycosuria was present. One ean only conclude that 
the hyperglycemic responses elicited were caused by lack of insulin. Whether 
or not the normal hypoglycemia is due to secretion of insulin in response to 
amino acid absorption remains a question. In either case, it is probable that 
amino acid utilization is not normally efficient in diabetes mellitus due to 
insulin deficiency. 

SUMMARY 


Three patients who underwent total pancreatectomy because of chronic 
relapsing pancreatitis were given 250 ml. of a 10 per cent mixture of amino 
acids intravenously. Two of these patients were later given the same mixture 
by mouth. The postabsorptive blood sugar and amino acid concentrations were 
significantly higher than were comparable values previously measured in this 
fashion among nondiabetic individuals. Insulin appears to be an important 
factor in the simultaneous utilization of amino acids and glucose. 


For valuable advice and assistance, we are indebted to Wilfrid J. Dixon, Ph.D., Pro- 
fessor of Biostatistics, Department of Preventive Medicine and Public Health, UCLA Medical 
School. We are also grateful to Dr. Paul Jordan (Veterans Administration Center, Los 
Angeles, California), who performed all the operations. 
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XANTHOMATOSIS AND ATHEROSCLEROSIS PRODUCED BY DIET 
IN AN ADULT RHESUS MONKEY 


GrorRGE V. Mann, Sc.D., M.D.,* AND STEPHEN B. ANpRus, M.D. 
Boston, Mass. 


INTRODUCTION 


T HAS proved difficult to establish with certainty the relationship between 

diet and atherosclerosis in human subjects. 2 Important limitations of time 
and ethics prevent direct feeding experiments, and the multiplicity of environ- 
mental variables present in natural situations restricts the interpretation of 
diet-disease observations. An alternative to this dilemma is the study of the 
relation of diet to atherosclerosis in subhuman, primate species. 

Few attempts have been made to produce atherosclerosis in rhesus monkeys. 
Hueper* found no evident disease in young rhesus monkeys that were fed diets 
containing cholesterol for periods of 8 to 16 months. Rinehart and Greenberg* ® 
have described nonfatty changes in the vessels of pyridoxine-deficient rhesus 
monkeys which they consider equivalent to those of human arteriosclerosis. 
Experiments with 12 ecebus and 3 rhesus monkeys in this laboratory® have not 
reproduced these findings. Recently Mushett and Emerson®™ have confirmed 
the work of Rinehart and Greenberg in rhesus monkeys and dogs. 

It has been shown in this laboratory with the New World cebus monkey 
that vascular disease resembling human atherosclerosis can be readily produced 
by the coneurrent presence of a mild deficiency of organic sulfur compounds 
and a large cholesterol intake.?. This disease is preceded by significant increases 
of both serum eholesterol and beta-lipoprotein levels. The increases of the 
latter are restricted to the S,0-40 classes (media density — 1.063), and the 
blood serum remains clear. The procedure does not lead to gross visceral or 
cutaneous cholesterolosis. While cebus monkeys regularly show limbal deposits 
resembling the so-called areus senilis seen in some human subjects, these deposits 
are not inereased with age or by the atherogenic treatment described. 

The clinieal evidence strongly supports a relationship between xanthomatosis 
and premature atherosclerosis in human subjects.2 Xanthomatosis appears to 
be one manifestation of a Mendelian trait which is more regularly characterized 
by the presence of hypercholesteremia.* Studies done in collaboration with Dr. 
Edwin Wheeler have established that the serum lipid abnormality of xanthoma- 
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tosis is present in childhood and that there is some inverse relationship between 
the magnitude of this hypercholesteremia and the age at which overt clinical 
evidences of the disease begin to appear.’° 


The present report is a description of an adult rhesus monkey that was 
studied over a period of approximately four years. For three and one-hali 
years he was maintained on a diet rich in cholesterol. During this time the 
animal developed a massive elevation of serum cholesterol and high density 
beta-lipoproteins. After two and one-half years of this regimen the monkey 
developed cutaneous manifestations of xanthomatosis and when he was sacrificed 
exhibited extensive atherosclerosis. 


MATERIALS AND METHODS 


The monkey was a large and well-developed adult rhesus monkey obtained from an 
animal dealer when he was 5 years old. He had been brought to the United States from 
India in infancy as a personal gift for a family. He was raised in that family until his 
size and strength made him an unsatisfactory pet. His permanent canine teeth were removed 
by a veterinarian during this interval in order to make him less dangerous. The animal was 
in splendid condition when purchased, with a fine coat and good musculature. He was active 
and aggressive and apparently accustomed to a human diet with a particular fondness for 
fruit. 

An experiment was planned to evaluate the combined effects of cholesterol feeding aw 
amino acid deficiency upon the serum lipids of this animal in a manner similar to that of 
the studies with cebus monkeys.?7 The animal would eat natural and human foods readily 
but he steadfastly refused the purified monkey diet. After several inducements had failed, 
including two long voluntary fasts, the original plan was abandoned and a diet was prepared 
which was based upon dried egg yolk. When it was found that the animal would eat this 
material readily, the diet described in Table I was devised. It was surmised that the monkey 
would not readily develop hypercholesteremia on the basis of the quantity of cholester 
supplied by the egg yolk. Accordingly, large amounts of pure cholesterol were included i 
the diet. The dried egg yolk was found by analysis to contain 3.35 per cent of cholester#, 
52.4 per cent of total (nonsterol) lipid, and 600 mg. per cent of lipid phosphorus. This foo! 
mixture supplied 6.51 Gm. of cholesterol per 100 Gm. of diet. Approximately 70 per cet! 
of the total calorie intake was supplied by fat, of which roughly two-thirds were derivel 
from egg yolk and one-third from corn oil. 

The monkey was trained to permit a venipuncture with cautious handling. At interval 
of one to two months 15 to 20 ml. of blood was drawn in the postabsorptive state for lipid 
studies. The total cholesterol was measured by the method of Abell,!1 beta-lipoproteins by 
the method of Gofman,!2 alpha-lipoproteins by the method of Lindgren,13 total lipids by th 
method of Bragdon,14 and lipid phosphorus by the methods of Bloor!5 and Fiske and Subba 
Row.16 Electrocardiograms were made with an apparatus designed for small animal elect’ 


TABLE I. EXPERIMENTAL DIET E I* 








Dried egg yolk 450 Gm. 
a-protein t 200 Gm. 
Corn oil 100 Gm. 
Dextrose 180 Gm. 
Salts IV} 20 Gm. 
Cholesterol 50 Gm. 
Oleum Percomorpheum 10 Gtt. 


—— 





*Each_ kilogram of diet was mixed with thiamine.HCl, 10 mg.; riboflavin, 10 = 
pyridoxine.HCl, 10 mg.; calcium pantothenate, 60 mg.; biotin, 0.8 mg.; folacin, 1 mg.; niacll 
48 mg., and RF. acid, 500 mg. ? 

+Generous amounts of a-protein have been supplied for these studies by the Glidde 
Company, Chicago, through the courtesy of Mr. W. M. Bain. 

tHegsted, D. M., Mills, R. C., Elvehjem, C. A., and Hart, E. B.: Choline in the Nutt 
tion of Chicks, J. Biol. Chem. 138: 459-66, 1941. 
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cardiography by Rappaport.17 The three limb leads were recorded with the animal awake and 
in the prone position for all except the final record which was made with the animal under 


pentothal-ether anesthesia and in the supine position. Twelve leads were recorded on this oc- 
casion including AVR, AVL, AVF, and chest leads V, through V,. 


On the one thousand three hundred eighty-eighth day of the feeding experiment the 
monkey was anesthetized and sacrificed by exsanguination and a complete autopsy was 
performed, The tissues were fixed in Zenker’s fluid, sublimate-formol, Baker’s formalin- 
calcium-cadmium solution, and neutral formalin. For evaluation and photographic purposes, 
the heart, aorta, and various visceral specimens were stained after formalin fixation by 
immersion in a saturated solution of Sudan IV in 70 per cent ethanol. As a general survey 
technique the following staining sequence was carried out with formalin-fixed tissues: 
alcian blue, aldehyde fuchsin, and Weigert’s iron hematoxylin and eosin. Mallory’s aniline 
blue stain was particularly useful in studying the Zenker-fixed tissues. A number of addi- 
tional staining procedures were carried out which will be noted in the microscopic descrip- 
tion, Frozen sections were stained with Sudan IV or Sudan black B. Decalcified blocks of 
bone and articular cartilage were sectioned in celloidin. 


RESULTS 


The measurements of body weight, blood values, and serum lipid fractions 
in relation to the dietary treatment of the animal are shown in Fig. 1. The 
initial serum lipid levels of this adult monkey which had probably eaten since 
infancy a diet much like that of a human child were unlike those found in 
most adult North American human subjects. The beta-lipoprotein levels were 
similar to those of adult North American human subjects, but the cholesterol 
level was similar to that of human children. This pattern resembles that 
deseribed in rural Guatemalans consuming low-fat diets of vegetable foodstuffs.*® 
The consumption of the high-fat, high-cholesterol diet quickly led to a great 
increase of both the serum cholesterol and beta-lipoprotein levels in this monkey. 
The initial inerease of the latter was principally of the S,0-11 and S,12-20 
iractions but this was followed by increase of the S;21-35 component. Eventu- 
ally, the beta-lipoprotein pattern became so distorted that little similarity with 
the original pattern remained. The ‘‘main peak’’ or principal component came 
to resemble S;15 material (Fig. 2). There was never a significant amount of 
low density material of S,100 or above in the serum and thus there was no 
visible lipemia. The alpha-lipoprotein concentrations were not greatly changed 
by this dietary treatment. 

The serum cholesterol level rose to about 1,200 mg. per cent in the 3 to 
{months following the start of the high-cholesterol, high-fat diet and remained 
between 900 and 1,600 mg. per cent thereafter. The serum lipid phosphorus 
Was increased in proportion to the cholesterol levels and averaged 800 to 900 
ig. per cent. The neutral fat of the serum (i.e., total lipids less cholesterol, 
free and esterified, and phospholipids) remained essentially unchanged during 
the entire study. The ratio of free to total cholesterol in the blood serum was 
0.2 to 0.25 throughout the experiment. 

The hemoglobin levels remained between 12 and 16 Gm. per cent and 
attested to the adequacy of the diet. The monkey’s body weight increased 
slowly to around 13 kilograms during the first 37 months and then diminished 
bereeptibly. The animal generally ate well and maintained himself in a 
moderate degree of obesity. The cage restricted his activity to a space of 
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4x 4x 4 feet and the animal spent much of his time sitting on a small stool 
watching other activities in the room where he was kept. His coat became 
noticeably thinner during the experiment, especially over the temporal areas 
and wrists. His coat also lost some of its original sheen. A remarkable 
accumulation of calearious deposits occurred at the gum margins and this led 
to chronic gingivitis. 


MONTH DURATION OF FULL CENTRIFUGAL FORCE 
OF 7 MINUTES 
EXPERIMENT 12 


CONTROL 





























: Fig. 2.—The beta-lipoprotein patterns of a rhesus monkey at successive intervals of die- 
‘ary treatment. The ultracentrifuge conditions are those of Gofman.'!? The serum aliquot is 
indicated in the column headed Co. The lower images (starred) in the first, fourth, and last 
film strip are of human sera and are not relevant to this discussion. 
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has been shown that cysteine supplements will restore elevated cholesterol 
law 
levels 


to normal in cholesterol-fed cebus monkeys maintained on a sulfur-amino- 
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acid-deficient diet.‘® In view of the egg yolk content of the present diet, it seemed 
unlikely that a sulfur deficiency existed. During the twenty-eighth month of 
the experiment a daily supplement of 500 mg. of cysteine hydrochloride was 
administered as a powder mixed with the daily ration. When no effect on 
the serum lipids could be demonstrated in 30 days, the supplement was in. 
creased to 1,000 mg. daily for 32 days, but there was no measurable effect. 

During the thirty-ninth month of the experiment, the alpha protein in the 
diet was replaced with the same proportion of crude casein in order to determine 
whether some unidentified component of the soybean protein might account 
for the hypercholesteremie response. No effect of this change could be detected, 
so the easein-modified diet was continued. 

At the forty-second month the 5 per cent of added cholesterol was removed 
from the diet so that the animal’s dietary cholesterol supply was then derived 
entirely from the dried egg yolk. The level of dietary cholesterol was thus 
reduced from 6.51 to 1.51 Gm. per cent. This change had no demonstrable 
effect on the serum lipids. 

In the summer of 1954 after the animal had been hypercholesteremie for 
about 30 months, it was observed that nodules were developing on the palms 
and soles. A few weeks later yellowish infiltrates could be seen in the skin 
over the fingers, on the dorsal margins of the ears, and on the left forearm 
which was shaved from time to time for venipuncture. The nodules on the 
palms and soles were the size of small peas when first noted and these increased 
slowly in size to 1 to 2 em. raised, roughly hemispherical masses (Fig. 3, A). 


They were firm and were within or attached to the overlying skin. They were 
yellowish to pink in color, slightly lobulated, and apparently not tender. The 
skin infiltrates were dull yellow, 1 to 3 mm. in diameter, irregular in outline, 
and often surrounded hair follicles. There was no evidence of inflammation 
around either type of lesion. The skin infiltrates became very numerous and 
eventually confiuent over the dorsum of the hands (Fig. 4). They were also 
clustered around the subeutaneous nodules which appeared at the elbows (Fig. 








Fig. 3.—A, Several firm lobulated xanthomata over the sole of the foot. These lesions 
have a distinctly pink color. 

B, Circle of Willis, after formaline fixation and Sudan IV staining. The basilar artery, 
which has been opened, contains two lesions. The largest of these shows Sudanophilia only 
at its periphery. 


C, The aortic arch and origins of the great vessels, after formalin fixation, showing 
confluent elevated lesions. 


D, Same specimens as in C, after Sudan staining. The only portions of the intima that 
do not stain red are the central parts of the larger plaques. 
E, Adjacent sections of the left anterior descending coronary artery, after formalin fixa- 


tion and Sudan staining. The lumina are markedly narrowed and angular and there is 
abundant fat deep in the thickened intima. 


F, Edge of a large plaque from the thoracic aorta, showing from above downward: 
dense layered collagen (blue) rich in mesenchymal cells, layered foam cells, and at the intimal 
base of the lesion and extending into the media extracellular fat and cholesterol crystal clefts. 
There is fragmentation of the internal elastic membrane focally. Fresh foam cell accretion 
at periphery of plaque is seen. (See Figs. 11 and 12.) Mallory’s aniline blue. 


G, Coronary artery. The intimal plaque on the left contains abundant metachromatic 
collagen (dark blue). The underlying media, particularly as seen in the lower right-hand 
corner, shows extensive loss of smooth muscle and replacement by metachromatic ground 
substance (pale blue). The internal elastic membrane is intact (purple). Alcian blue-aldehyde 
fuchsin-hematoxylin-eosin. 


H, A renal artery showing a later stage in the development of a plaque in a musculat 
artery than described in the preceding illustration. The medial ground substance pools have 
been replaced by foam cells surrounding the ingrowing adventitial capillaries. There af 
breaks in the internal elastic membrane and medial foam cells are continuous with those in the 
intimal plaque. (See Fig. 13.) Alcian blue-aldehyde fuchsin-hematoxylin-eosin. 
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Fig. 3.—(For legend see opposite paye.) 
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5). These nodules appeared at about the thirty-eighth month of the experiment 
on both elbows in relation to the bony prominences. They were cartilaginous 
in consistency, hemispherical in shape, and while movable, they appeared 
attached to underlying fascia or connective tissue. They were not attached 
to the overlying skin. 


Fig. 4.—Hand, in life, showing granularity of skin due to dermal xanthomata. 


Fig. 5.—A subcutaneous nodule, in life, overlying the head of the radius and surrounded by 
satelite subcutaneous infiltrates. The arm has been shaved. 


The animal beeame less active after about 30 months of the experiment 
and sometimes appeared to favor one or the other rear leg. No external lesion 


Was ft 


ind to account for this. Tendinous thickenings could not be detected 
In lif 
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The monkey showed eyclic color changes of the scrotal and perianal skin 
which were presumably normal sexual manifestations. After 24 to 30 months 
of the experiment he began to exhibit a more permanent reddening of skin 
over the bridge of the nose. There were no signs of periorbital skin deposits, 
A moderate areus senilis was present at the beginning of the experiment and 
this did not change. 

The animal was emotionally unpredictable and often fell into a rage when 
handled. His face would then flush or sometimes blanch with fear, especially 
when he was taken out of the cage on a chain. None of these stimuli appeared 
to produce chest pain or discomfort. 


AUTOPSY FINDINGS 

The monkey appeared robust although somewhat obese. The coat was 
sparse over the head and forearms. There were slightly elevated yellowish 
infiltrates in the skin over the ears, fingers, toes, and elbows. Over each 
ischial tuberosity there was a thick yellow callous 3 to 4 em. in diameter. 
There were single discrete, firm nodules 7 to 10 mm. in diameter over the 
ulnar prominences at each elbow, and there were multiple nodules over the 
extensor tendons on the dorsa of the hands. 


ae i ai ra 





Fig. 6.—The heart, aorta, and major branches after formalin fixation and Sudan staining. 
Sudanophilic areas, originally bright red, here appear gray. 


There was a 1 em. layer of yellow subcutaneous fat over the ventral 
trunk and an abundance of mesenteric fat. The visceral organs did not appeat 
unusual except for the heart. The epicardial arteries were beaded with pale 
yellow deposits. 

There was massive atheromatosis of the entire aorta and its major branches 
(Figs. 6 and 7). The smaller lesions consisted of granular elevations of the 
intima, yellowish to gray in color, and generally strongly Sudanophilic. Al- 
though the surrounding intima appeared normal in the fresh state, a diffuse 
Sudanophilia of varying intensity could also be demonstrated in these areas. 
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The larger plaques were pale gray with smooth surfaces and showed only 
peripheral Sudan staining (Fig. 3, C and D). In the thoracic aorta individual 
plaques up to 1.5 em. in length became confluent forming a large linear complex, 
with marked narrowing of the ostia of adjacent intercostal arteries. Generalized 
intimal involvement with smaller, more discrete, Sudanophilie lesions was 
characteristic of the abdominal aorta. 

The coronary arteries were strikingly narrowed and in some places only 
slitlike openings remained (Fig. 3, £). The ostium of the right coronary 
artery was almost occluded by extensive involvement of the aortic sinuses. 
Isolated intimal lesions were found in the arterial system as far distally 
as the Cirele of Willis and the radial and dorsalis pedis arteries (Fig. 3, B). 
Sudanophilie lesions were seen in the intraparenchymal arteries of many 
viscera, notably about the renal pelves and in the testicular capsules. 


j Fig. 7.—A detail of Fig. 6, showing the aortic arch and the origins of the great 
vessels. The larger lesions are elevated and have lost their Sudanophilia centrally. Normal 
Intima would appear white. 


The heart did not appear enlarged. It weighed 35.7 grams, The right 
ventricular wall measured 0.3 to 0.5 em., the left 0.8 to 1.2 em. The myocardium 
was not remarkable. The pulmonary arteries showed scattered discrete 
Sudanophilie lesions. There were similar plaques on the aortic leaflet of 
the mitral valve and a fine Sudanophilia was visible along its free edge. The 
aortic valve was markedly thickened by extension of the lesions involving 
the aortie sinuses (Fig. 8). 


Except for a moderate degree of pulmonary emphysema and anthracosis, 
the remaining viscera were not remarkable. There was no enlargement or 
‘ignifics nt lipid deposition in any of the following organs: spleen (5.9 grams*), 


*Or 


gan fresh weights. 
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liver (187.5 grams*), adrenals (0.91 gram, cortices 1 mm. in thickness), and 
kidneys (30.6 grams). The lymphoid tissue throughout the body was sparse 
and no thymic tissue could be identified. The pharyngeal and gastrointestinal 
mucosae were not remarkable. 


Fig. 8.—Detail of Fig. 6, showing the mitral and aortic valves and the first portion of 


the ascending aorta. All of these structures contain plaques, the least elevated of which are 
Sudanophilic. The cusps of the aortic valve are markedly thickened, one of which (retracted) 
is seen in cross section. The ostium of the right coronary artery (containing a probe) is 
narrowed by the intimal process in the aortic sinus. The lumen of the circumflex branch of 
the left coronary artery (upper right corner) is similarly narrowed. 


Fig. 9.—Dissected specimen of the right hand showing two xanthomata attached to 
extensor tendons. Smaller nodules attached laterally to the interphalangeal joints are not 
apparent in this photograph. 


*Liver lipids: total: 9.20 Gm. per cent of fresh weight; phospholipid: 3.36 Gm. per 
cent; total cholesterol: 


1,161 mg. per cent; free cholesterol: 209 mg. per cent. 
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Dissection of the palms and soles revealed thick and poorly circumscribed 
masses of subcutaneous fibrous tissue, flecked with yellow and brown material. 
These changes were especially marked beneath the calluses overlying the 
ischial tuberosities where they extended down to the periosteum. The yellow 
deposits stained intensely with Sudan. The small areas of dermal thickening 
about the elbows appeared gray on section and were also Sudanophilic. 

The subcutaneous nodules over the elbows were composed of dense, gray 
fibrous tissue flecked with yellow material and were attached to the fibrous 
tissue about the joint capsules. Both wrists showed similar nodules up to 1 
em. in diameter which were attached to extensor tendon sheaths, joint capsules, 
or at points of insertion of tendons (Fig. 9). On deeper dissection the involve- 
ment of the tendon insertions appeared to extend diffusely into the periosteum. 


_ Fig. 10.—A cross section of the Achilles tendon with adjacent muscle above, after for- 
malin fixation and Sudan staining. Within the substance of the tendon are found xantho- 
matous masses (x), which stained orange and here appear gray. 


Several of the extensor tendons at the wrist and both tricep tendons revealed 
Yellow deposits within their substance on section. Nodular involvement of the 
jot capsules and tendon sheaths at the metacarpal-phalangeal joints and the 
interphalangeal joints was quite uniform and symmetrical. Involvement of 
the toes was comparable to that of the fingers. Both Achilles tendons on section 
revealed yellow Sudanophilie deposits as did both the long plantar ligaments 


(Fig. 10). Post-mortem x-ray examination of the dissected skeleton revealed 


no bony lesions. 
HISTOLOGIC OBSERVATIONS 
The most extensive vascular lesions were found in the aorta and its im- 
mediate branches. Lesions of different developmental ages were found here 
Side hy side. In several arteries, e.g., the coronary and renal arteries, a 
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distinct centrifugal progression of the involvement could be inferred, in that 
the lesions of the more proximal portions of these vessels appeared distinctly 
‘older than those located peripherally. The lesions of the coronary arteries 
were largely restricted to the epicardial branches. Lesions of arteries of the 
muscular type were widespread, being seen in all the major viscera except 
the adrenals. Ulceration and thrombosis of the endothelial surfaces were not 
seen, and intimal calcification was demonstrated only rarely as in the capsular 
arteries of the testes. 


The intimal plaques consisted of a collagenous matrix interspersed with 
clumps of foam cells. These cells were often layered parallel to the endothelial 
surface and in older lesions they were largely segregated at the base of the 
intimal plaque adjacent to the internal elastic membrane (Fig. 3, Ff). The 
presence of fat and cholesterol esters within these cells was indicated by Sudan 
stains and the use of unstained frozen sections examined with polarized light. 
Occasionally in the basilar portions of the intimal lesions, extracellular foei 
of lipid or erystals of unesterified cholesterol were seen. These were usually 
associated with foeal disruption of the internal elastic membrane. 


The foam cells commonly contained a fine yellow pigment. In addition 
to foam cells, the plaques contained large numbers of coarsely fibrillated 
mesenchymal cells, many of which contained lipid vacuoles. When stained 
with Mallory’s phosphotungstie acid-hematoxylin or aniline blue stains, these 
cells were indistinguishable from medial smooth muscle cells. The collagen 
in the basilar portions of the intimal plaques appeared most mature while that 
located superficially was more metachromatic in its staining. Newly formed 
elastic fibrils could also be demonstrated, generally in close proximity to the 
smooth musclelike mesenchymal cells. 


The older lesions were accompanied by focal loss of the smooth muscle 
cells of the immediately adjacent media, with replacement by metachromatic 
ground substance. This phenomenon was seen with or without vascularization 
of the involved media and overlying intima (Fig. 11). Vascularization of the 
inner media was associated with extensive focal disruption of elastic lamellae, 
These new capillaries, arising from the vasa vasorum of the middle third of 
the media, were surrounded by foam cells and fibroblasts. It was only adjacent 
to these sites that intimal fibroblasts could be definitely identified. In the 
oldest lesions there was collapse of those nonvascularized areas of media 
showing muscle cell loss with condensation of elastic lamellae (Fig. 12). In 
areas of vascularization the defect of the inner media was replaced by dense, 
relatively acellular collagen continuous with that of the overlying plaque. At 
this stage the latter showed a few residual pigmented foam cells about the 
capillaries at the intimal base of the lesion. In all the later stages of plaque 
formation, fresh activation of the process with foam cell accretion at the 
periphery of the lesions was seen. 


In lesions of the muscular arteries the loss of medial muscle cells 
underlying intimal lesions was more prominent than in the aorta, with the 
formation of eystlike accumulations of Sudanophilie ground substance (Fig 
3, G). Vascularization of these areas was also more common than in the aorta 
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Fig. .—Lesion from the thoracic aorta, more advanced than that in Fig. 3, F. There 
is a wide break in the elastic lamellae of the inner media (a) and here the capillaries (b) 
surrounded by foam cells are prominent. The adjacent inner media shows loss of muscle 
cells over a wide area (c) with focal collapse of the innermost lamellae (d). The intimal 
plague contains dense collagen (e) and newly formed elastica (f), here rather coarse. 
Verhoeff’s elastic stain—Mallory’s aniline blue. 


’ Fig. 12.—Aortic lesion more advanced than that in Fig. 11. The intimal lesion is quite 
“omogeneous. Foam cells are seen only about the capillaries arising from the inner media, 
. Which points the elastic lamellae are disrupted (a). The inner media of adjacent non- 
ascularized areas is collapsed (b). Verhoeff’s elastic stain—Mallory’s aniline blue. 





546 MANN AND ANDRUS aes” > = 
and the ingrowing capillaries, originating from the adventitia, were more 
prominently mantled with foam eells (Fig. 3, H). The end stage of collageniza- 
tion of these lesions resembled the aortic counterpart (Fig. 13). In many of the 
muscular arteries, the medial muscle cells contained a granular yellow pigment, 
somewhat coarser than that seen in foam cells and topographically unrelated 
to intimal lesions. 

The kidneys showed extensive, active lesions of the hilar arteries similar 
to those described, but there was no arteriolar involvement. There was mild 
diffuse thickening of the glomerular basement membranes with both Schiff 
positive material and adult collagen (Lillie’s allochrome stain). Foeally, there 
were clumps of completely hyalinized glomeruli. 


Fig. 13.—Iliac artery, showing the end stage of the type of lesion seen in Fig. 3, 4. 
The dense collagen of the intimal plaque (a) extends through the gaps in the internal elastic 
membrane into the foci of vascularized media (b). Interspersed between the latter areas, 
fragments of intact internal elasic membrane can be seen (c). 


Skin from different sites showed a spectrum of highly vascular xanthomata, 
of various developmental ages as judged histologically. These changes occurred 
at the following sites listed in order of increasing developmental ages: 
scrotum, abdomen, ear, elbow, finger, hand, foot, and ischial callus. The 
earliest change seen was the appearance of new capillaries mantled with foal 
cells within the dermal papillae. Larger, older-appearing lesions occurred a 
deeper levels and consisted of granulomatous masses of foam cells with increas 
ing collagen deposition (Fig. 14). These foam cells contained yellow pigmen! 
similar to that in the arterial intimal lesions and occasionally hemosiderin @& 
demonstrated by the Turnbull blue reaction. There was an increase in dermal 
melanin pigment. Fibroblasts and multinucleated giant cells, including thos 
of the Touton type, were seen. Even in the oldest lesions, e.g., the ischial 
eallus, central capillaries persisted in masses of dense collagen which was nov 
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Fig. 14.—A section of skin from the sole of the foot. The dermis contains masses of 
foam cells, often multinucleated, surrounded by collagen. Scattered foam cells about the 
capillaries in the dermal papillae are not conspicuous at this magnification. Similarly, the 
prominent capillaries within the xanthomatous masses are not apparent here. Weigert’s iron 
hematoxylin-eosin. 


,. Fig. 15.—Two frozen sections of the left coronary artery. The section on the ieft was 
*xtracted with ether prior to staining and shows Sudanophilic pigment which is most marked 
a the foam cells in the adventitia. The right-hand section, not treated with ether, shows 
‘undant fat in the foam cells of all layers of the wall. Sudan black B—hematoxylin. 
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largely free of foam cells. The Achilles tendon and patellar ligaments showed 
vascular xanthomata similar to those in the dermis. Skeletal involvement was 
not seen. 

There were certain significant negative microscopic findings. There was no 
evidence of myocardial disease. Sections of conjunctival and pharyngeal 
mucosa were not remarkable. Lipid accumulation was minimal in the liver 
and spleen, and absent in the kidneys. There was a moderate reduction of 
lipid in the adrenal cortex and that which remained was largely in the zona 
fasciculata. The testes showed active spermatogenesis. The other endocrine 
glands were not remarkable. 

Two general types of yellow pigment have been noted above, that seen in 
the foam cells of both intimal plaques and xanthomata, and that seen in the 
medial smooth muscle cells of the muscular arteries. Both types of pigment 
were stained by Mallory’s basic fuchsin and carbol fuchsin, while only that in 
the foam cells was stained by the periodie acid-Schiff reaction and Sudan black 
B after fat extraction (Fig. 15). 


DISCUSSION 

It is clear that this rhesus monkey developed a disease which resembled 
human xanthomatosis with atherosclerosis. The cutaneous manifestations of 
the disease developed after approximately 30 months of the high cholesterol 
feeding regimen. These lesions appeared at sites of trauma and stress as do 


the human lesions of xanthomatosis. This short latent period would seem to 
be related to the extreme elevation of the serum cholesterol and beta-lipoprotein 
levels. Variations in the type of protein, important in cholesterol feeding 
experiments with cebus monkeys,’ did not appear significant. We have not 


seen spontaneous atherosclerosis in rhesus monkeys and such lesions in sub- 
human primates are generally conceded to be a rare oceurrence.”° 

The postabsorptive serum was always clear when examined and this lack 
of lactescence was reflected by the absence of significant amounts of serul 
lipoprotein of classes S;100 and above. It is significant that the animal did not 
develop the massive cholesterol deposits in the visceral organs which are char- 
acteristic of cholesterol-fed chickens and rabbits. 

The vascular lesions grossly resembled those seen in human atherosclerosis 
although in the latter such extensive involvement is uncommon. The rather 
florid nature of these experimental lesions can probably be attributed to the 
relatively high cholesterol level of the blood. From the distribution and char- 
acter of the gross vascular lesions, a central origin about the aortic arch with 
centrifugal extension can be inferred. A peripheral progression was als0 
indicated histologically in certain local arterial beds. This sequence is seell 
in human atherosclerosis and in the aorta is usually followed by an eventual 
preponderance of lesions in the abdominal portion.2!. The latter phenomenon 
could not be demonstrated in this monkey. The lack of intimal ulceration and 
thrombosis and the paucity of calcification may be attributable to the relatively 
short duration of the experiment as compared with the human disease. Involve- 
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ment of the cerebral arteries as seen in the present animal, has not been found 
in cholesterol feeding experiments with cebus monkeys or rats’? and only 
microscopic lesions have been described in rabbit material.* 

Histologically, the vascular lesions of this monkey were comparable in 
most respects to those of humans.” It has been stated that the lesions of human 
atherosclerosis accompanying xanthomatosis are indistinguishable from those 
not associated with gross hypercholesteremia, although a prominence of foam 
cells has been noted.** Several prominent features of the present experimental 
lesions, the presence of intimal smooth musclelike mesenchymal cells and the 
accumulation of lipofuchsin pigments, will be further characterized in con- 
junction with similar changes in human lesions and those of experimental cebus 
monkeys and rats.?? 

Although medial changes do occur in human atherosclerosis, the prominent 
loss of medial musele and subsequent vascularization described here are un- 
common. Plewes*® described an instance of human atherosclerosis apparently 
associated with xanthomatosis in which there was an unusual degree of 
intimal vascularization with pericapillary foam ecells.2° It is also of note that 
in this monkey the process of medial vascularization closely resembled the basie 
elements of the skin and tendon xanthomata. 

The xanthomata in this monkey simulate the human counterpart, although 
cholesterol is generally less prominent in the latter?® and the inflammatory 
element common in human lesions was absent. Although the presence of 
capillaries is generally not mentioned in histologie deseriptions of human 
xanthomata, several authors do stress this element and describe early lesions 
very comparable to the smallest rhesus lesions.*® *7 It is of interest that their 
envelopment with foam cells suggests that new eapillaries may be more 
permeable to serum lipids than older vessels. This explanation would be 
consistent with the association of xanthomata and trauma which is commonly 
observed in man. 


CONCLUSION 

1. A disease resembling hyperecholesteremic xanthomatosis has been pro- 
dueed in an adult rhesus monkey by dietary means. The diet contained large 
amounts of fat and cholesterol. 

2. The disease was preceded by massive elevation of the serum cholesterol 
iid $,0-35 beta-lipoproteins, but the serum was not lactescent. 

3. The monkey showed extensive atherosclerosis of the aorta and all its 
ilajor branches including the coronary and cerebral vessels. 

4. The histologic appearance of the vascular lesions showed many similari- 
ties to those of human atherosclerosis. 


). Both the arterial and xanthomatous lesions were characterized by 
proliferation of new capillaries which were surrounded by foam cells, suggesting 
that these vessels are especially permeable to serum lipids. 
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ELECTROPHORETIC SERUM GLYCOPROTEINS IN ACUTE VIRAL 
HEPATITIS 


FENTON ScHAFFNER, M.S., M.D.,* ArtrHur L. ScHERBEL, M.S., M.D.,** AND 
RavpH I. Lytie, B.S.*** 
GREAT LAKES, ILL, 


HE introduction of paper strip electrophoresis’® has made it possible to 

study serially changes in blood serum protein fractions in association with 
various diseases. By special staining techniques, lipids** and carbohydrates® 
associated with the fractions can be studied at the same time. Naval recruits, 
being a fairly homogeneous group, particularly with respect to diet and 
presumed exposure to disease, are a good and readily accessible population 

the study of blood serum protein changes associated with acute viral 
hepatitis and are the concern of this report. 

With the exception of gamma globulin,’ most of the serum proteins, mainly 
albumin and alpha globulins,* ® are synthesized in the liver. The decrease 
of serum albumin in acute viral hepatitis and concomitant increase of gamma 
globulin’? 7* and to a lesser extent, beta globulin,’* ** have long been known. 
However, with the alpha fraction divergent results have been reported, with 
the majority of the workers claiming low levels in hepatitis.‘* 74 In spite of 
inquestionable synthesis of this fraction in the liver, others'? have found high 
levels of alpha globulin in some patients with hepatitis. 

Characteristic over-all changes in protein-bound carbohydrates have been 
known to oceur and may have diagnostic value in liver disease.**»?° The re- 
lationship of carbohydrates to specific protein fractions has not been widely 
studied despite the fact that this is possible with free electrophoresis.1* The 
ttempt was made in the present study to determine the behavior of the carbo- 
liydrates in relation to the proteins to see if a specific pattern is produced by 
i disease in which liver cell damage and inflammation are combined. 


MATERIALS AND METHODS 


Blood was drawn at weekly intervals from 11 patients admitted with viral hepatitis 
luring the first week of their illness to the U. S. Naval Hospital, Great Lakes, Illinois. All 
iad been in good health previously. Since these men were all on active military duty and 
all had received inoculations at some time during the preceding year, no attempt was made 
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to separate the instances of homologous serum hepatitis. All the patients were kept at 
relative bed rest on a regular diet with supplemental vitamins and hard sugar candy. The 
following determinations were made by the hospital laboratory: total and prompt-reacting 
serum bilirubin, cephalin flocculation, thymol turbidity, and sedimentation rate. Brom. 
sulfalein retention was determined when the patient was no longer jaundiced. 


A total of 93 electrophoretic determinations were made on paper strips in duplicate with 
use of bromphenol blue and basic fuchsin for protein and carbohydrate determinations, 
respectively. In addition, total serum protein and total serum polysaccharide levels were 
determined. One filter strip on each serum specimen was treated for the detection of proteins 
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CENTIMETERS 
Fig. 1.—Alterations in electrophoretic serum protein pattern of a patient with viral 


hepatitis resulting from the dioxan-petroleum treatment of a filter strip stained with brom- 
phenol blue, followed by further petroleum treatment. 


and the other for glycoproteins. The strip for serum proteins was immersed for three hours 
in a bromphenol blue solution. It was then air dried and rinsed twice for 5 minutes i 
2.0 per cent acetic acid after which a final rinse was made for 10 minutes in a solution of 
2.0 per cent acetic acid and 0.5 per cent sodium acetate. After the strip was again air dried 
the unabsorbed bromphenol blue dye was bleached in a mixture of equal parts of dioxan 
and light petroleum for a period of 10 minutes and followed with a short treatment of light 
petroleum alone. The excess petroleum was removed by sliding the strips between two glass 
rods and then by blotting the strips between pieces of paper toweling. Prior to the dioxan 
petroleum treatment the globulin occupied 70 to 80 per cent of the area resulting from the 
migration of the serum fractions (Fig. 1). An equal quantity of unabsorbed dye was 
assumed to be distributed over the entire protein area and between the protein fractions. 
The treatment was undertaken to bleach the unabsorbed bromphenol blue dye. Treatment 
with dioxan alone for 5 minutes or longer did not remove all of the unabsorbed bromphendl 
blue dye. The bleaching effect of dioxan on the unabsorbed dye was not increased through 
a longer exposure interval. Treatment with a mixture of equal parts of dioxan and 
petroleum bleached the remaining unabsorbed dye. The initial dioxan treatment could be 
eliminated if the bromphenol-stained strips were permitted to remain in the mixture of 
dioxan and petroleum for 10 minutes. The dioxan-petroleum-treated strips were impossible 
to zero in the densitometer unless the optical density of the filter paper was further reduced. 
Treatment with light petroleum was used to accomplish this. 
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RESULTS 

The patients ranging in age from 18 to 35 years (with the average age of 
244.7 years) were all jaundiced on admission to the hospital. Serum bilirubin 
values ranged from 2.7 to 12.5 mg. per 100 ml. with an average of 6.5 mg. 
per 100 ml. Jaundice persisted about three weeks on the average and by the 
time it subsided, the clinical symptoms had disappeared. In six patients the 
results of all the routine tests returned to normal almost simultaneously. In 
the remainder, cephalin flocculation and bromsulfalein retention remained ab- 
normal for varying lengths of time but were normal when the patients were 
discharged from the hospital. The hospital stay varied from 5 to 13 weeks. 
No correlation was noted between the severity of the illness and the persistently 
abnormal results in any test, 

Serum albumin level was depressed below the normal range in all eleven 
patients but tended toward normal levels over the period of observation (Fig. 

A). The results of the various biochemical tests had returned to normal 
earlier. The depression was only roughly related to the severity of the disease, 
as judged either clinically or by laboratory tests. The level of carbohydrate 
associated with albumin was lower than normal in 8 of the 11 patients initially 
Fig. 2, B). 

Beeause no method was available for the determination of the total carbo- 
hydrate stained by the basic fuchsin, the results were expressed as the per cent 
of the total carbohydrate stained divided by the absolute amount of protein in 
any particular fraction. The per cent of the total carbohydrate found in 
albumin divided by the absolute value of albumin (per cent CHO/Gm. albumin) 


TABLE I, Per Cent oF ToTaL PROTEIN-BOUND CARBOHYDRATE MIGRATING WITH SERUM 
GAMMA, AND GAMMA, GLOBULIN EXPRESSED PER GRAM OF THE RESPECTIVE PROTEIN 
GAMMA nan Ce Soe a E veo PROTEIN — 


PATIENT | FRACTION | 2 | 3&8 oe 7 - i 7 | L @ 
4 i 861140 23. 244 210 161 218 19.9 2.10 
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- 31.7 5. 12.3 12.8 11.2 17.0 13.7 
= i 17.5 12.9 3.3 16.2 14.9 18.0 15.5 - 
. *Indicates that a split of gamma globulin was no longer apparent on subsequent exami- 
nations, In the others, the split was present until the time of discharge from the hospital. 
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2.—Serum albumin determined by paper electrophoresis of patients with acute viral hepatitis. 
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was normal in 9 patients and the ratio remained remarkably constant within a 
very narrow range throughout the course of the disease (Fig. 2, C). The level 
of alpha, globulin was occasionally elevated early, but all values were normal 
after four weeks. The alpha, carbohydrate levels varied early, but after two 
weeks all values were normal. The per cent CHO/Gm. alpha, globulin level 
was low in a few early instances, but the values fluctuated widely. The gamma 
globulin level was higher than normal in all patients and tended toward normal 
later than albumin, persisting until the time of discharge in some patients 


@@00 CARBOHYDRATES 


NORMAL 


HEPATITIS 


RHEUMATIC 
FEVER 


; Fig. 4.—Relationship of glycoprcteins to proteins in (1) serum from a normal sub- 
Ject, (2) a specimen from a patient with viral hepatitis, and (3) a specimen from a patient 
with rheumatic fever. 


(Fig. 3, A). In nine of eleven patients, gamma, and gamma, fractions could 
be separated. This separation was not noted in the normal controls nor in 
patients with either rheumatie fever or glomerulonephritis. It was apparent 
at the first examination and disappeared at about the same time the gamma 
globulin level returned to normal. None of these changes could be related to 
the results of other laboratory tests or to any clinical feature. The carbo- 
hydrate level was frequently increased in the gamma globulin (Fig. 3, B) 
but the per cent CHO/Gm. gamma globulin ratio was below normal in nine of 
eleven patients, being primarily below normal throughout the period of observa- 
tion (Fig. 3, C). Early in the course of viral hepatitis the ratio was very 
low in the gamma, fraction, sometimes less than half that in gamma, (Table I). 
As the patient recovered, this relation often became reversed although the 
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per cent CHO/Gm. gamma, globulin level never reached the levels attained 
by gamma,. Since the amount of gamma, globulin exceeded that of gamma, 
globulin by three or four to one, the total gamma globulin and carbohydrate 
relationships mirrored changes in gamma. 

In an attempt to relate the total amount of protein to the total amount of 
carbohydrate, the areas under the protein and carbohydrate curves, as measured 
by a planimeter, were compared. In sixteen of the ninety-three determinations 
this ratio was above the normal average and in seven it was below normal. 
Since the absolute value of the total proteins remained normal, a high ratio 
has been taken to mean a decrease in the amount of protein-bound carbohydrate. 
This phenomenon was not observed in rheumatic fever where the carbohydrates 
were generally increased (Fig. 4). 

DISCUSSION 

Reproducibility of results of paper electrophoresis is not as good as with 
free electrophoresis.'* 7° Some of the error in the dye binding may result from 
prosthetic groups such as carbohydrate and lipid attached to the protein.’® * 
Furthermore, the errors which result from the storing of samples are less than 
those inherent in the method,’® in contrast to free electrophoresis,” so that 
many samples can be run simultaneously under the same conditions, thereby 
minimizing some of the variables. In addition to this source of error, in- 
accuracies in planimetry common to free and paper electrophoresis, are re- 
sponsible for some variations in results. This is especially true for alpha, 
globulin which often cannot be clearly separated from albumin on the paper 
strips. 

With these reservations as to the validity of the method in mind, one can 
attempt to analyze the results. The depression of albumin and albumin carbo- 
hydrates in viral hepatitis with the maintenance of a normal per cent 
CHO/Gm. albumin ratio suggests that this protein and carbohydrate have the 
liver cell as a common source of origin. On the other hand the elevation of 
the amount of gamma globulin is associated with a reduced carbohydrate content 
and a split into two gamma fractions. Gamma, globulin has been thought to 
be related to antibody formation in liver disease since the greatest elevations 
are noted in cirrhosis.2? However, the time relations suggest otherwise because 
the changes are greatest at the height of the disease and diminish with re- 
covery. Since the fraction is most frequently seen in liver disease, especially 
when hepatie inflammation is present, it seems more likely that this fraction 
may have its origin in the hepatic mesenchyme, the Kupffer cells, and histiocytes 
and be stimulated by liver cell damage. This possibly is supported by the high 
carbohydrate content in the fraction early in hepatitis, by analogy to other 
proteins with rapid turnover (alpha globulins) which also have high carbo- 
hydrate contents. 

Under normal circumstances and in diseases without hepatic inflammation, 
no gamma, globulin is formed in keeping with long established concepts that 
gamma globulin is not formed by the liver. However, correlations of histologic 
observations and biochemical and electrophoretic findings continue to suggest 
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that part of the increased gamma globulin in liver disease originates from 
the hepatic mesenchyme.’* The correlation of results of paper electrophoresis 
with liver biopsy studies should help clarify this problem. 

The changes in the amount of alpha and beta globulins and in the earbo- 
hydrates associated with these were not uniform enough to interpret. In iso- 
lated instances the proteins were increased in any of these fractions early. 

The pattern of response of the serum proteins in liver disease is influenced 
by (1) the degree of liver cell damage which depresses albumin and albumin 
carbohydrate levels simultaneously and (2) the presence of inflammation in 
the liver (either as a reaction to the virus or to liver cell breakdown products), 
which increases the amount of gamma globulin and results in the appearance 
of a carbohydrate rich gamma, fraction. From a practical point of view the 
electrophoretic albumin value when serially determined appears to be a more 
snsitive indicator of impaired hepatocellular function than any laboratory 
test in routine use. The gamma globulin level, especially when it is divided 
into gamma, and gammaz, also reflects hepatic inflammation better than any 
biochemical test. In this sense paper electrophoresis may find widespread appli- 
cation in the follow-up of patients with viral hepatitis. 


SUMMARY 


A total of 93 protein and carbohydrate paper electrophoretic determinations 
was done on 11 patients with viral hepatitis at weekly intervals during the 
course of their disease. Serum albumin was found to be depressed early, but 


the percentage of carbohydrate per gram of albumin remained constant, sug- 
vesting that protein and carbohydrate had the same origin. Gamma globulin 
was frequently split into gamma, and gamma, fractions, the former being 


latively rich in earbohydrates. The possible origin of this fraction from 
iiflamed hepatic mesenchyme is discussed. 
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ZONE ELECTROPHORESIS OF SERUM AND URINE AT pH 4.5 AND 
ITS APPLICATION TO THE ISOLATION AND INVESTIGATION 
OF MUCOPROTEINS 


R. L. MarkHam, B.Sc., J. H. Jacoss, M.B., M.R.C.P., anp 
EK. T. D. Fitetcuer, M.D., F.R.C.P. 
LONDON, ENGLAND 


EHL, Golden, and Winzler,? using boundary electrophoresis at pH 4.5, 
demonstrated the presence in serum of two fractions having isoelectric 

points lower than that of albumin—M, 1 and M, 2—and these are usually called 
mucoproteins. Since the present investigation began, Robbins, Petermann, 
and Rall* have reported the analysis of serum by zone electrophoresis at pH 
45, but they did not achieve a complete separation of M, 2 from albumin; 
also, Anderson, Lockey, and Maclagan‘ have observed two fractions thought 
to correspond to M, 1 and M, 2 on subjecting to zone electrophoresis at pH 4.6 
aurinary mucoprotein preparation isolated by benzoic acid adsorption. 

No simple procedure is available for isolating the individual fractions. 
Serum muecoprotein prepared by Winzler’s technique,® or modifications of it,® 
consists of a mixture of both fractions and represents an incomplete recovery 
of the total mucoprotein present due to losses by coprecipitation.* * This is 
disadvantage when the technique is used to isolate the mucoproteins for the 
purpose of quantitative estimation. Anderson and Maclagan’s method for iso- 
lating urinary mucoproteins® also gives a mixture of fractions. 

It was therefore of interest to develop a technique of zone electrophoresis 
which would isolate the individual mucoprotein fractions and could also be 
ised as the basis of a semiquantitative method for their estimation. This tech- 
lique is reported here together with some preliminary studies on the accuracy 
ita method of estimation of serum mucoproteins based upon it. 

In order to study the contribution of the level of mucoprotein fractions 
\0 variations observed in the electrophoretic pattern obtained at pH 8.6, the 
positions of the fractions in that pattern must be known, and a direct con- 
imation of the occurrence of M, 1 and M, 2 of serum in the a, and a, positions, 
‘spectively, has been demonstrated previously by one of the authors.® <A 
‘milar study on urine is reported here where two further components have 
veen found which were not detected in serum. 

Schmid’s a, acid glycoprotein,’® called orosomucoid by Winzler, is the only 


chown component of M, 1 in normal serum. The three a, acid glycoproteins” 
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of Schmid probably form a part of M, 2, which has been shown to contain also 
the thyroxine-binding protein.’ Laurell,® studying the sera of patients suffer. 
ing from rheumatoid arthritis, observed a new component in both M, 1 and 
M, 2, and, in a previous communication, one of us has reported investigations 
on the heterogeneity of these fractions.? Further studies on their hetero. 
geneity are reported here. 

All the pathologie sera and urines used in this investigation were obtained 
from patients suffering from rheumatoid arthritis. 


METHODS 


Electrophoresis for Isolation and Isoelectric Point Determination.—Three types of ap- 
paratus were investigated: 


1, The hanging strip method of Flynn and de Mayo.14 

2. The closed strip method of the type used by Kunkel and Tiselius.15 Glass plates 
1 em, thick were used with their inner surfaces smeared with silicone grease, and a pres- 
sure of 0.25 pounds per square inch applied by placing weights on the upper plate. 

3. A modification of the ‘‘fakir’s mattress’’ apparatus of Dettker and Anduren," 
in which a 24 em. length of paper was supported in a horizontal position by nylon bristles 
set 1 cm. apart. These bristles projected for 3 mm. above the surface of the plate in 
which they were mounted, and a sheet of glass was supported 3 mm. above the upper sur. 
face of the paper. 

For measuring relative mobilities at different pH’s to enable isoelectric points to 
be approximately determined, a modification of apparatus No. 2, was used, in which the 
buffer compartments were subdivided to enable the ends of each of four strips of paper 
enclosed between the same pair of glass plates to dip into a separate buffer. 

A dilute solution of dextran was used to measure electroosmotic flow. 

Composition of Buffers.— 

1. Sodium chloride, 0.06 M, sodium acetate, 0.04 M. 

2. Magnesium sulfate, 0.06 M, sodium acetate, 0.04 M. 

3. Sodium sulfate, 0.06 M, sodium acetate, 0.04 M. The pH’s of these three but 
fers were adjusted to the required value with N hydrochloric acid. 

4. Mixtures of 0.133 M disodium phosphate and 0.066 M citrie acid. This was the 
only buffer used in apparatus No. 3, and its concentration was then halved. 

5. A mixture of 0.133 M sodium citrate and 0.066 M citric acid. Electrophoresis at 
pH 8.6 was carried out on apparatus No. 2, with a Veronal Buffer, 1 — 0.05, and a potential 
of 16 volts em.-1. A satisfactory separation was obtained after two and one-half hours. 

Whatman No. 3 paper was used in all experiments, and this was first soaked in buffer 
and blotted before application of the sample solution at the center of the strip at the rate 
of 0.016 ml.em.-1 of base line. A half-hour period of equilibration was allowed before the 
passing of current through the apparatus. When the isolated fractions were to be recov 
ered, double the volume of sample was applied and elution carried out with a 1 per cen 
sodium bicarbonate solution. 


Preparation of Egg Albwmin-Treated Paper.—A 1 per cent solution of egg albumin was 
filtered and sufficient acetic acid then added to give a final concentration of 2 per cell. 
Paper was immersed in the solution and run overnight as a descending chromatogram, wit! 
1 per cent acetic acid as solvent, to remove excess albumin. After immersing for 10 mit 
utes in absolute alcohol the paper was finally dried at room temperature. 

Staining.—Naphthalene black was used for protein staining and a modification?’ of 
the periodic acid Schiff technique used for carbohydrate. When staining the latter, we em 
ployed extra washes with 70 per cent alcohol to remove the reagents from the thick paper. 

For staining a batch of strips under uniform conditions an apparatus constructed 
of polythene was employed, in which the strips were attached to a perforated cylinde! 
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fitting within a cylindrical container. The reagents were placed in this container, which 
eould be sealed, and were brought into contact with all parts of the paper strips by revolv- 
ing the whole apparatus. 

Due to the thickness of the paper, the stained strips were clarified in a mixture of 
a-bromonaphthalene and paraffints before being scanned. The areas beneath the graphs 
obtained on scanning were measured with a planimeter. 

Urine Concentration.—Urine samples were concentrated by dialysis against 30 per cent 
polyvinylpyrrolidone and then adjusted by the addition of buffer to one-hundredth of their 
original volume, Concentrates of urinary mucoproteins were also obtained by the benzoic 
iid adsorption technique. 

Two-Dimensional Electrophoresis——The nature of the trailing of fractions was investi- 
sated by the method of Kunkel and Tiselius,15 and the two-dimensional zone electrophoretic 
technique of Markham® was used to study the heterogeneity of fractions and their positions in 
the pattern obtained with different buffer systems and pH’s. 


RESULTS 


Isolation of Mucoproteins—The degree of separation of the two fractions 
obtained in various buffer systems and with different apparatus is illustrated 
in Fig. 1. A buffer containing citrate as the only anion gave a pattern similar 
to that in the citric acid, sodium phosphate buffer. With use of Flynn and 
de Mayo’s apparatus it was not possible to separate M, 2 from albumin, nor 
was this possible using Whatman No. 1 paper in the ‘‘fakir’s mattress’’ appa- 
ratus. In all buffers electroosmotic flow toward the cathode, as indicated by 
dextran, was about one quarter of the rate of migration of M, 1 to the anode. 
The pattern obtained with a urinary mucoprotein preparation obtained by 
benzoic acid adsorption appeared very diffuse compared with that given by 
urine concentrated by dialysis. 

Fraction M, 1 of both serum and urine stained more densely for earbo- 
hydrate than for protein, while the opposite was true for fraction M, 2. For 
either source, both fractions obtained by elution after electrophoretic isolation 
showed the characteristic behavior of mucoproteins, in that they were not 
precipitated in 0.15 M sulfosalicylic aeid but were precipitated in 2 per cent 
phosphotungstie acid in the presence of 0.8 N hydrochlorie acid. 


Fast-Moving Fractions in Urine-——Two other fractions with mobilities 
greater than M, 1 and staining as carbohydrate, but not as protein, were ob- 
served in both normal and pathologie urine, and their positions relative to 
M, 1 and M, 2 are shown in Fig. 2, A. 

Kluted preparations of the slower fraction gave a strong reaction for tyro- 
sine with Folin’s reagent’® and also gave a positive reaction for carbohydrate 
with oreinol.22 

In order to measure the isoelectric points of these fast moving fractions 
their relative mobilities at four different pH’s were measured. Assuming that 
the extrapolated curves contain no inflections, the faster of the fractions at 
pH 4.5 appears to have an isoelectric point at approximately pH 2.4 and the 
slower at pH 2.0 (Fig. 2, B). Data for these curves could not be obtained 
below pH 2.9, as immediately below this the mobilities of the two fractions 
Were so similar that they did not appear as separate spots, and when the pH 














































































































































\led 


J. Lab. & Clin 


956 


October 





‘OP VIP AL BO AOJ paureys yw pue wf ‘ulajoud JosJ pouleys G-p ‘aurin oLs0[0yujed 

2 ‘1-W9°A F ‘bh Hd ‘a3 {dsoyd uimrpos ‘ploe OND ‘y ‘sanoy CT ‘-wa'aA fF 

‘bb Hd 9yeydsoyd wnipos ‘prior YD “7 ‘sanoy gt * Wo°A ¢ ‘Gp Hd ‘azeuds 1 winIpos ‘poe PNUD “Wd ‘sanoy gI ‘1-UlDN"A G°E ‘Gp Hd ‘93¥8}00R 

UInIPOS ‘9}zBJ[ns umMIpos ‘0 ‘SUnOy LT ‘;-Wd°A fF ‘S*b Hd ‘ayezo0R uiniIpos ‘azejins WUnIseusBeIy ‘Gg ‘s. LT ‘1-Uld'A fF ‘Gp Hd ‘9}e3008 uinipos 

‘aplio[ryo uwnipog ‘y ‘isuayng ‘asded JO Uj}SUa! [[B-19A0 JO; ON[VA BSRABABW ST ;.Wd"A B19Y4YM ‘snq * « SSOIZJOUL S,IIYB,, ‘pus QA ‘snj.eued 
-de dtujs Ppessolo ‘Gq-VP ‘Sdeynq pue snjeiedde JO Soda} snowea JO 9Sn YVAN ‘SUOT}NBAJ UlaOAdoonU JO SUOI}BIedas Jo uosl1edwWopj—'T “ST 


4 3 V 


BV SE YOIYM ‘yo 4daoxa vuas oLsojoyyed jo SesA[evue [ly ‘Ssunoy 9gT 


CW] 


ome ZONE ELECTROPHORESIS OF SERUM AND URINE AT pH 4.5 563 
was further reduced to 2.5 or less new diffuse zones of material appeared which 
obscured the positions of the fractions being studied. This investigation was 
carried out on a pathologic urine with increased levels of both fractions. 
Trailing of Mucoprotein Fractions —Two-dimensional electrophoresis 
showed that the material in the trail behind M, 1 and M, 2 on the first run 
remained on the base line during the second run. The intensities of these 
trails did not vary with the levels of the fractions giving rise to them, and 
they appeared sharply delineated at their edges, M, 2 leaving a trail over that 
of M, 1. The relative intensities of these trails left by M, 1 and M, 2 on plain 
and albumin-treated paper are seen in Fig. 3, where M, 2 is shown after a two- 
dimensional analysis in order that its trail shall not coincide with that of M, 1. 
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Fig. 2.—Fast moving fractions of urine. A, Their positions (shaded) relative to the 
mucoprotein fractions, are shown after electrophoresis in sodium chloride, sodium acetate 
buffer, pH 4.5, in a closed strip apparatus 1.6 V.cm.-! for 16 hours. 


B, Isoelectric point determinations. Rates of migration, corrected for electroosmotic 
flow, compared at various pH’s in citric acid, sodium phosphate buffer, 2 V.cm.-1 for 16 hours. 


The effect of using treated paper is shown strikingly with M, 1 of normal 
serum which is completely adsorbed on untreated paper before reaching the 
position it should oceupy. There is also a marked difference in the character 
of the leading edges of the fractions, as they appear sharply defined on plain 
paper and diffuse when treated paper is used. Treatment of the paper, how- 
ever, produced no apparent change in the degree of adsorption of positively 
charged fractions. 


Y 


Estimation of Serum Mucoproteins—F ig. 4 shows both normal and patho- 
logic sera analyzed on the same sheet of paper to compare levels of the muco- 
protein fractions. 

Data on the uniformity of carbohydrate staining achieved by the batch 
method are given in Table I, based on nine replicate analyses of each of two 
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sera. The strips were dried in sets of three, but rigid standardization of the 
drying conditions was not attempted. With the serum concentration used, 
the optical density of the stained fractions rarely exceeded the background by 
more than 0.3. 


Positions of Fractions in Patterns Obtained With Differing Buffers.—tIn 
order that the positions of the fast-moving fractions of urine in the pattern 
obtained at pH 8.6 might be established, a two-dimensional analysis was ear- 
ried out (Fig. 5.), and this showed that one fraction has a mobility slightly 


Untreated _ Treated 


Fig. 3.—Effect of albumin treatment of paper on trailing of mucoprotein fractions. A, 
Comparison of character of fractions and of trail intensities on treated and untreated paper. 
Pathologic serum. B, Complete loss by irreversible adsorption of fraction M, 1 of normal 
serum when run on untreated paper. Normal serum on left-hand side of each strip, patho- 
logic serum on right. OC, Two-dimensional isolation of M, 2 of pathologic serum to show the 
reduction of trailing by albumin treatment of paper. Arrows indicate the direction of migra- 
tion, (1) first analysis, Veronal buffer pH 8.6; (2) second analysis, citric acid, sodium 
phosphate buffer, pH 4.4 on untreated paper, pH 4.6 on treated paper. A and B, Stained for 
carbohydrate. C, Stained for protein. 


greater than that of albumin, while the other appears to run with it. The 
urinary mucoproteins are not separated in this figure, but in other two-dimen- 
sional analyses, M, 1 and M, 2 clearly oceupied the a, and a, positions, respec- 
tively, of the pattern obtained at pH 8.6. 


Volun 
Numb 


for 
a di 


Sour 
disea 
appa 





urine 
the 
citric 
fract 
pape: 
hydr; 


acet 
46, 
buff 





Volume 48 ZONE ELECTROPHORESIS OF SERUM AND URINE AT pH 4.5 56 


y) 
Number 4 


Since previous workers have used sodium chloride, sodium acetate buffers 
for electrophoresis of mucoproteins, it was necessary to check that the use of 
a different buffer had not in any way altered the composition of the fractions. 
In a two-dimensional analysis of serum, with use of a sodium chloride, sodium 


Fig. 4.—Variations in Ievels of mucoprotein fractions observed in some pathologic sera. 
Sources of sera—A, D, E, and G, Active rheumatoid arthritis. OC, Normal subject. F, Still’s 
disease. B, Ankylosing spondylitis. Citric acid, sodium phosphate buffer, pH 4.4, closed strip 
apparatus, stained for carbohydrate. 
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_ Fig. 5.—Fast-moving fractions of urine. Two-dimensional electrophoresis of pathologic 
urine to show their positions—a and b— in the pattern obtained_at pH 8.6. Arrows indicate 
the directions of migration in first and second analyses, (1) Veronal buffer pH 8.6; (2) 
citric acid, sodium phosphate buffer pH 4.4. on albumin-treated paper. Positions of the 
fractions on the strip transferred after the first analysis are indicated. Markers placed on 


oa before second analysis: serum on right-hand side, urine on left. Stained for carbo- 
ydrate 


acetate buffer pH 4.5, followed by a citric acid, sodium phosphate buffer pH 


4.6, there was no indication that the mucoprotein fractions differed in the two 
buffers 
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DETERMINATION OF THE ERROR OF REPRODUCIBILITY IN COMPARING THE LEVELS or 
SERUM MUCOPROTEIN FRACTIONS ON ELECTROPHORESIS STRIPS STAINED FOR 
POLYSACCHARIDE BY THE BATCH STAINING METHOD 
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STANDARD ERROR 
IN PER CENT OF 
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0.022 


M, 2 ‘ 2.19 2.08 0.102 


2.40 

M, 1 $ 0.48 43 0.027 
o2 

M, 2 9 1.89 1.70 
—2.06 


, 
0.098 


Figures given represent areas beneath the graph obtained by scanning. 


Heterogeneity of Mucoprotein Fractions.—¥ ig. 6 shows the shape of the 
M, 1 spot obtained after two-dimensional analysis of both a normal serum and 
a serum from a patient suffering from rheumatoid arthritis. In all pathologic 
sera studied, M, 1 was heterogeneous whenever markedly raised above its nor- 
mal level, and M, 2 exhibited heterogeneity in both normal and pathologie sera. 
Due to their low concentration, it was not possible to study the mucoproteins 
in normal urine, but in all pathologie urines which had an increased content 
of these fractions, both M, 1 and M, 2 exhibited heterogeneity. 





eee 
* 





Fig. 6.—Comparison of spot shapes exhibited by M, 1 on two-dimensional electrophoresis 
of serum from A, patient suffering from rheumatoid arthritis and B, a normal subject. Arrows 
indicate direction of migration, (1) first analysis Veronal buffer pH 8.6; (2) second analysis 
— acid, sodium phosphate buffer, pH 4.4, on albumin-treated paper. Stained for carbo- 
iydrate. 


DISCUSSION 


The choice of apparatus for the electrophoresis of serum or urine at pI 4.0 
depends on the purpose of the experiment. The closed-strip type of apparatus 
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achieves the most complete isolation of the two mucoprotein fractions and is 
more satisfactory for their subsequent elution, while the ‘‘fakir’s mattress’’ 
apparatus gives a more regular pattern suitable for scanning, though the 
separation of M, 2 from albumin is not as complete. 


An additional advantage in the latter type of apparatus is the absence of 
loss of protein on supporting plates, which ean be serious, since currents within 
the paper due to convection and density variations tend to concentrate the 
substanees analyzed at either surface. The failure of the Flynn and de Mayo 
type of apparatus to separate M, 2 and albumin is presumably due to the buffer 
flow resulting from the greater evaporation in this type of apparatus. Similar 
results with analyses on Whatman No. 1 paper in the ‘‘fakir’s mattress’’ ap- 
paratus could also be due to buffer flow, as presumably the change in ratio of 
surface area to cross-sectional area is not completely offset by the lower heat 
development in unit area of this thinner paper. 

The citric acid, sodium phosphate buffer is preferred to other buffers in 
practice as, in addition to giving a good separation of M, 2 from albumin, it 
contains no volatile components and has a greater buffering capacity than the 
other systems investigated. 

The increased mobility of M, 2 when the sodium chloride of a buffer is 
replaced by magnesium sulfate is also shown if sodium sulfate is used (Fig. 1) 
and must, therefore, be due to the presence of sulfate ions. A buffer contain- 
ing citrate as the only anion gives results similar to those with the citrie acid- 
sodium phosphate buffer, and presumably the citrate ion in the latter is re- 
sponsible for increased M, 2 mobility. 

Our apparatus for isoelectric point determinations ensures that relative 
mobilities at the four different pH’s are compared at the same potential 
gradient and temperature, and avoids the difficulty of accurately reproducing 
these conditions on different occasions. Citrie acid, sodium phosphate buffers 
are used as there is no indication that the behavior of the fast components of 
wine differs here from their behavior in a sodium chloride, sodium acetate 
buffer. 

The eitrie acid, sodium phosphate buffer is ideal in two-dimensional electro- 
phoresis, as it ean be used before or after Veronal buffer of pH 8.6, neither 
buffer appreciably influencing the pH of the other. This is not the case when 
the other buffers are employed in conjunction with Veronal buffer. Apart 
from the comparison of the position of fractions in patterns obtained with 
different buffers, this facility of changing buffers is useful for the study of 
fraction heterogeneity, as it can enable one analysis to be carried out without 
adsorption losses, an important consideration when fractions are present in 
small amounts only. 

Two-dimensional electrophoresis shows that the trails of mucoproteins do 
hot contain slower-moving components, and the constant intensities and sharp 
boundaries of these trails suggest that they are due to interaction with the 
paper—probably an irreversible adsorption—and not the result of precipita- 
tion of the fractions. The sharply defined leading edges of the fractions also 
indicate adsorption, and such adsorption of the mucoprotein fractions may be 
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of the same nature as that of albumin at pH 8.6, as in both cases protein and 
paper are negatively charged. Albumin treatment does not entirely eliminate 
trailing, but for quantitative work the loss due to it is minimized by arranging 
that the fractions migrate the least distance necessary for their isolation. M, 2 
must, however, move clear of the area of original application of the sample 
where the heavy trailing of the positively charged fractions begins. These 
conditions are best satisfied at pH 4.4 with the ‘‘fakir’s mattress’’ apparatus. 

3jornesjo*® has reported that on any one strip there is a linear relationship 
between periodic acid Schiff staining intensity and quantity of carbohydrate. 
Our results obtained on scanning batch stained papers (Table I) suggest that 
when staining conditions are thus controlled, satisfactory comparisons of quan- 
tities of fractions may be made between strips. The error of reproducibility 
for this procedure is little greater than that reported for albumin-bound dye 
expressed as a percentage of the total protein-bound dye after electrophoresis 
of serum at pH 8.6.71. The ease with which the boundaries of the mucoprotein 
fractions may be decided is a contributory factor in obtaining this degree of 
accuracy. Also, compared with protein staining there appears to be a relative 
independence of carbohydrate-staining intensity from the conditions under 
which the strips are dried after electrophoresis, since in this investigation these 
were not closely controlled apart from the assurance that the temperature did 
not rise aboue 65° C. This result might be expected on consideration of the 
differing mechanisms of the staining processes. The pathologie sera used for 
the investigation reported in Table I contained concentrations of both muco- 
protein fractions midway between normal levels and the highest commonly 
found. It can be seen in Fig. 4 that the range of levels encountered is con- 
siderable. Carbohydrate staining is more sensitive for M, 1 than protein stain- 
ing, and minimizes the interference in M, 2 by the adjacent albumin fraction. 
On albumin-treated paper, protein staining is unsatisfactory due to the result- 
ing high background color. 


To enable comparisons to be made between strips stained in different 
batches, we included in each batch strips run with a standard serum. Many 0! 
these can be run within a short time and used as standards over a considerable 
period, as no deterioration of unstained papers appears to take place. 


While two well-defined mucoprotein fractions are isolated by direct zone 
electrophoresis, analysis of the mucoproteins of serum isolated by Winzler’s 
technique produces a fraction corresponding to M, 1 at pH 4.5 and a, at pil 
8.6, but no one fraction corresponding to M, 2.2, The mucoproteins of urine 
appear to be altered during their isolation by benzoic acid adsorption, as sub- 
sequent electrophoresis produces poorly defined fractions. 

Two-dimensional electrophoresis shows that M, 1 and M, 2 of urine are @ 
part of the a, and a, fractions, respectively, at pH 8.6, thus behaving in the 
same way as the two mucoprotein fractions in serum.’ The two fast-moving 
fractions in urine occupy positions at pH 8.6, which suggests that they may 
correspond to the p and X components of serum detected by immunologit 
methods,”? but they were not observed in sera during this investigation. 
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The heterogeneity of M, 2 in normal and pathologie sera is probably due to 
the presence of three a, acid glycoproteins.’* These contain between 4 and 6 per 
cent of carbohydrate, and this fact would explain the relatively weaker re- 
action of this fraction to periodic acid Schiff staining, compared with that of 
M1. The thyroxin-binding protein also occupies the M, 2 position, but may 
itself be one of these a, acid glycoproteins. Two-dimensional electrophoretic 
studies of M, 1 on albumin-treated paper have confirmed the previously re- 
ported results® and enabled this fraction of normal serum to be obtained as a 
spot of sufficient density for photographic reproduction. In Fig. 6, the diag- 
onally disposed spot given by M, 1 from the serum of a patient suffering from 
acute rheumatoid arthritis indicates a heterogeneity which is not manifested 
by the same fraction from the serum of a normal subject. This heterogeneity 
is in agreement with Laurell’s observation, using boundary electrophoresis,** 
of anew component in the M, 1 fraction of rheumatoid serum. It has not been 
possible to confirm Laurell’s claim that a new component occurs also in M, 2, 
since the technique used here does not allow comparisons of degrees of hetero- 
geneity. 

The mucoprotein fractions observed in pathologie urine have the same 
electrophoretic mobilities, solubility behavior, and staining reactions as the 
fractions in serum, but detailed analysis is required to establish their relation- 
ship with more certainty, and work is at present in progress to enable suf- 
ficient quantities to be isolated for this purpose from samples of both normal 
and pathologie sera and urines. 


SUMMARY AND CONCLUSIONS 


|. Zone electrophoresis on filter paper at pH 4.5 enables two mucoprotein 
fractions—M, 1 and M, 2—to be isolated in serum and in urine. 

2. In both serum and urine, the mucoprotein fractions form a part of the 
a, and a, fractions on electrophoresis at pH 8.6. 

3. Two fractions occur in urine with mobilities at pH 4.5 greater than that 
of M, 1, and their positions in the pattern at pH 8.6 are demonstrated. 

4. A method is suggested for the semiquantitative estimation of the muco- 
proteins of serum based on their isolation by zone electrophoresis and subse- 
quent staining. 

). In pathologie serum and urine both mucoprotein fractions show marked 
heterogeneity, but in normal serum, M, 1 appears to consist of one component. 
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INFLUENCE OF DEXTRAN ON EXPERIMENTAL INFECTIONS 
Jay P. SaAnrorp, Caprain, MC, USAR, J. Ross Evans, B.S., AND 
JosSEPH A. PRESTON, Caprain, MC, USAR 


’ 


WASHINGTON, D. C. 


YNTHETIC blood volume expanders, including various preparations of 
, polysaccharide dextrans, are being evaluated and stockpiled for use 
in preference to pooled plasma in emergency medical care. Certain of these 
high molecular weight bacterial polysaccharides, a levan of Aerobacter levanicum 
and a dextran of Leuconostoc mesenteroides, have been reported to alter the 
inflammatory response induced by experimental staphylococcal infections in 
rabbits and guinea pigs and to increase the susceptibility of mice to Salmonella 
typhi.* This ‘‘infection-promoting activity’? was decreased or abolished when 
the molecular weight of the polysaccharide was reduced from greater than 10° 
to 10° or less.'-* The dextran preparations currently in clinical use all have 
molecular weights of less than 10°. 

In the over-all evaluation of dextrans, the effects particularly of stockpiled 
dextran preparations on experimental infections induced by bacterial species 
ost commonly isolated from traumatic wounds seems an important feature. 
This is the basis of this study. 


METHODS AND MATERIALS 


{nimals.—Rabbits of mixed strains and of both sexes weighing 2 to 3 kilograms were 
sed, Diet consisted of Purina Laboratory Chow without antibiotic supplement. On the 
lay prior to producing intradermal lesions, the rabbits’ backs were shaved, with use of an 
electric clipper. 

Dextrans.—(1) The American clinical dextran studied, Plavolex lot number 133014, 
was a pyrogen-free preparation containing a 6 per cent concentration of dextran in 0.9 per 
‘ent saline solution.* The mean molecular weight of this preparation was 75,000 with a 
range varying from 50,000 to 100,000. (2) The British clinical dextran studied, Dextraven 
batch number 2345, was also a 6 per cent solution of dextran in 0.9 per cent saline solution. | 
The mean molecular weight of this dextran preparation was 230,000 with a range varying 
from 74,700 to 456,000. (3) An American native dextran produced by the strain NRRL 
512 of Leuconostoc mesenteroides (PP 55B, L-11-C, 3,795:40) was studied for comparison. 
This dextran has a molecular weight of greater than 1,000,000. Ninety-five per cent of its 
inhydroglucose units were linked a-1, 6; the remainder were a-1, 3.* The dry dextran was 
lissolved in sterile 0.9 per cent saline solution in concentrations of either 6 per cent or 2 


pe 
per cent, 
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Control animals received either sterile pyrogen-free 0.9 per cent saline solution or 
sterile pooled plasma separated from rabbit blood collected in standard acid-citrate-dextroge 
(ACD) solution. 

The volume of the clinical dextrans and control solutions administered was approxi- 
mately 10 ml. per kilogram (600 mg./per kilogram of dextran). The volume of native 
dextran tolerated varied from 5 ml./Kg. of the 2 per cent solution (100 mg./Kg. of dextran) 
to 10 ml./Kg. of the 6 per cent solution. At the time of study, blood (10 ml./Kg.) was 
withdrawn from the heart following which an equal volume of either dextran or plasma 
was infused into the heart through the same needle over a two- to three-minute period. This 
procedure facilitated the administration of viscous materials and was well tolerated. 

To administer very large quantities of dextran, a type of ‘‘plasmapheresis’’ was per- 
formed. Under local anesthesia a polyethylene cannula (size P.E. 190, internal diameter 
1.19 mm.) was inserted into the aorta via the right femoral artery. Fifty milliliters of blood 
was withdrawn into a syringe wetted with heparin and then transferred to a sterile centrifuge 
tube. Fifty milliliters of dextran was then administered intra-arterially. After centrifugation 
the plasma was withdrawn from the leukocyte and erythrocyte layers and 50 ml. of dextran 
added to replace the plasma. Another 50 ml. of blood was then withdrawn from the same 
animal and this was replaced with the erythrocyte-dextran suspension. This procedure was 


carried out until 250 ml. or 85 ml./Kg. of dextran had been administered to each animal. 
A control animal was subjected to the same procedure but received plasma-erythrocyte 
suspensions, 

Intradermal Infections.—Five bacterial species commonly found in traumatic wounds 
were studied: Proteus vulgaris, Staphylococcus aureus (coagulase-positive), Escherichia 
coli, Clostridiwm perfringens, and Pseudomonas aeruginosa. The Cl. perfringens were grown 
for 24 hours at 37° C. in thioglycolate broth; the other bacterial species were grown for 
18 hours at 37° C. in trypticase soy broth. The bacteria then were sedimented by cen 
trifugation and resuspended in 0.9 per cent saline solution. Each suspension was standard 
ized turbidimetrically and checked by doing plate counts in trypticase soy agar following 
tenfold serial dilutions. 

Intradermal infections were produced on each side of the vertebra with each of tli 
five bacterial species by the injection of 0.1 ml. of the suspension of bacteria. The numbe! 
of viable organisms injected varied from 3 x 107 to 8 x 108 for all species except for the 
Cl. perfringens, which varied from 1 x 105 to 4 x 106 organisms. Bacteria were injected 
within 30 minutes following the administration of dextran. 

The lesions were examined and measured at 24, 72, and 120 hours. All of the lesions 
except those due to Ps. aeruginosa were symmetrical. The maximum and minimum diameters 


of erythema and induration were measured (millimeters) and the presence and degree 0! 
suppuration recorded. The mean diameters of the lesions were calculated as follows: 


VDd where Dd are maximum and minimum diameters.5 

Intravenous Clearance of Bacteria.—The ability of rabbits to clear the blood stream 
of bacteria injected intravenously from 60 minutes to 180 minutes after the administration 
of dextran was studied. The same strain of Staph. awreus as used to produce the intradermal 
lesions and a strain of Staph. albus (coagulase-negative) were used. Both strains were 
grown for 18 hours at 37° ©. in trypticase soy broth, sedimented by centrifugation and 
washed twice with 9.0 ml. volumes of 0.9 per cent sterile saline solution. The inoculum 
contained 1.6 x 1011 coagulase-negative staphylococci while the inoculum of the coagulase- 
positive staphylococci contained only 1.9 x 104 organisms. Clearance by normal rabbits 
was not uniform if the number of coagulase-positive staphylococci injected intravenously 
exceeded 100,000.6 

Bacteria were injected into the marginal vein of the ear; 2.0 ml. samples of heparinized 
blood were withdrawn from the heart at intervals of 1, 10, 20, 30, and 180 minutes after 
the bacterial injections. Samples taken one minute after injection were serially diluted in 
0.9 per cent sterile saline solution to 10-3 and counted at each dilution. Bacteriologic 
counts were made on the undiluted blood at the other sampling times. 
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Histologic Studies——The histologic characteristics of dermal infections produced by 
each of the five bacterial species were studied in normal rabbits. The effects of dextran 
administration were then evaluated with use of two representative bacterial species: Staph. 
qureus or the E. coli. Entire representative skin lesions were excised at various intervals 
from the same animal. One group of rabbits was studied at 4, 24, and 48 hours; another at 
24,72, and 144 hours after the injection of the bacteria. The specimens were fixed in 10 
per cent formalin solution and stained with hematoxylin and eosin. 

Statistical Evaluation—The mean diameters of the various lesions (VDd) in each 
major treatment group were compared and the standard error of the means compared. The 
incidence of suppuration in each group was compared by twofold contingency tables and 
the method of Chi square. 


RESULTS 


The gross character and size of the inflammatory lesions tended to 
vary with each of the five bacterial species studied. Ps. aeruginosa produced 
large edematous dermal abscesses with extensive hemorrhage into adjacent 
subeutaneous tissue. The remaining bacterial species produced smaller circum- 
sribed areas characterized by erythema and induration. In addition, the 
lesions due to Staph. aureus and Cl. perfringens often showed small central 
areas of suppuration. The gross characteristics, size, and progression of the 
lesions produced in different rabbits by any one of the strains of bacteria 
studied were quite uniform and reproducible. 

The administration of clinical preparations of dextran in quantities com- 
parable to those which might be used clinically (10 ml./Kg.) did not signifi- 
cantly alter the size (mean diameter), character, or progression of the in- 
flammatory lesions produced by any of the five bacterial species studied (Tables 
I and II). Simultaneous comparison of the American and British clinical 
dextrans was not carried out; however, the lesions in animals receiving either 
preparation did not differ from their appropriate controls. 

Much larger quantities (85 ml./Kg.) of American clinical dextran were 
administered to two rabbits by means of a technique of ‘‘plasmapheresis.’’ In 
this study the concentration of total serum proteins was decreased from an 
average of 5.2 Gm. per cent to 1.2 Gm. per cent. The plasmapheresis was well 
tolerated by the animals. Even the administration of this large quantity of 
dextran (5.1 Gm./Kg.) did not alter the size or character of the inflammatory 
lesions when compared to those in a control animal. 

The effeets of a high molecular weight crude native American dextran, of a 
British clinical dextran, and of plasma on these intradermal infections were 
compared. The native dextran was quite toxie for rabbits when administered 
intravaseularly. Seven of the 13 animals studied died within twenty-four 
hours, with most dying immediately after injection. None of the surviving 
animals which were studied developed pyrogenic responses to this erude 
preparation. 


The lesions due to Staph. aureus in the animals receiving native dextran 


Varied significantly in character and in size at twenty-four hours when compared 
with the staphylococeal lesions in the animals receiving either clinical dextran 
or plasma (Table I). The degree of change roughly correlated with the 
amount of native dextran administered, The lesions were larger in size and 
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TABLE II, Errect or DEXTRAN ON INCIDENCE OF SUPPURATION* 
Plasma Volume Expander 


BACTERIAL | | l | 
SPECIES DEXTRAN At | CONTROL | DEXTRAN B | CONTROL | DEXTRAN N | CONTROL 

P. vulgaris ~ 3/28 °»&«241/18 0/727  ®©«&©0/18 0/8 0/6 
Staph. aureus 11/33 6/20 4/30 3/18 12/12¢ 2/8 
BE. coli 0/32 0/19 3/30 0/18 1/11 0/6 
Cl. perfringens 7/28 9/18 6/30 5/15 0/8 0/4 





*Ps. aeruginosa omitted as all showed hemorrhage and suppuration. 
;Dextran A—American clinical (Laros). 

Dextran B—British clinical (Dextraven). 

Dextran N—Native American (B-512). 

tDifference significant (P = <0.01). 


large central areas of suppuration developed. In contrast, the control lesions 
showed a predominance of erythema and induration, with very small or with 
no areas of suppuration (Fig. 1). The incidence of suppuration was signifi- 
cantly greater in those animals receiving native dextran than in the controls 
(Table IL). The systemie administration of this particular preparation of 
native dextran did not alter the size or characteristics of the intradermal 
lesions produced by P. vulgaris, E. coli, Cl. perfringens, or Ps. aeruginosa. 














P Fig. 1—Representative lesions produced by the intradermal injection of Staph. aureus 
24 hours previously. The animal on the right received clinical dextran; the animal on the 
left crude native dextran. Note the large central area of suppuration in the animal which 
received the crude native dextran. 

Histopathologic studies were made of the individual lesions produced by 
each bacterial strain. All the bacteria produced acute subepidermal abscesses 
characterized by infiltration of the corium with polymorphonuclear leukocytes, 
moderate fragmentation of collagen bundles, and edema. The epidermis re- 
lained intaet. In occasional specimens, small areas of necrosis and extra- 
vasation of blood were noted. While the intensity of the reaction varied with 
the different bacterial species, the general histopathologic characteristics were 
similar, 
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The effects of the administration of clinical dextran, native dextran, and 
saline on the development and progression of representative lesions (Staph. 
aureus and E. coli) were studied. No gross lesions could be seen four hours 
after the intradermal inoculation of bacteria. Dermal edema, hyperemia, and 
an early diffuse polymorphonuclear leukocytie infiltration were demonstrable 
on microscopic sections. By 24 hours, the edema was less obvious, frank pus 
formation was noted, and early localization had begun. At 72 hours the in- 
fection was walled off by a pyogenic membrane, and resolution had started by 
144 hours. 

The early pyogenic reaction in the dextran-treated animals was slightly 
more intense than in the saline-treated control animals; however, the lesions 
were similar by 24 to 48 hours. It was concluded there were no significant 
microscopic histopathologic differences between the lesions produced either by 
Staph. aureus or E. coli in rabbits pretreated with either saline, American 
clinical dextran, or native dextran. 

Following the study of the effects of these dextran preparations on local- 
ized intradermal infections, their effect on the capacity of rabbits to clear 
intravenously injected Staph. awreus and Staph. albus was studied. Neither 
dextran nor American clinical dextran altered the ability of rabbits to clear 
their blood stream of pathogenic or nonpathogenic staphylococci (Table III). 
The blood cultures remained sterile in those animals from which blood was 
taken at 24 and 48 hours. 


TABLE III. Errect or DEXTRAN ON BACTERIAL CLEARANCE 


| NUMBER ____ MEAN CLEARANCE RATES (BACTERIA/ML. BLOOD) 


PLASMA EXPANDER ANIMALS 1 MIN. “10 mix. | 20min. | 180 min. 


- A, HEMOLYTIC STAPH, AUREUS, COAGULASE-POSITIVE* 


Clinical (Laros) 5 52 0 0 
Native (B-512) + 48 0 0 
Control (saline) 5 45 0 0) 

B. NONHEMOLYTIC STAPH. ALBUS, COAGULASE-NEGATIVEt 


Clinical (Laros) 5 2.800 0 0 
Control (saline) 5 9 300 0 (0) 


*Mean inoculum 1.9 X 10* bacteria. 
*+Mean inoculum 1.6 x 10" bacteria. 


DISCUSSION 


The usefulness of any synthetic plasma volume expander, such as dextral, 
depends not only on its capacity to increase the plasma volume, but in addition 
its effects on other physiologic mechanisms in the recipient must be considered. 
Dextrans and levers of high molecular weight (greater than one million 
were shown to alter host response to infection in several experimental studies.” 
Hydrolyzed preparations did not increase the inflammatory response to staphy- 


lococei in rabbits or in guinea pigs and did not increase the virulence 0! 


Salmonella typhosa for mice. 


Traumatic wounds, whether incurred under civilian or military circum 


stances, are uniformly contaminated with a variety of species of bacteria.” 


The organisms usually cultured from wounds of recent origin are species 0 
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(lostridia, Staphylococci, and Enterobacilli. An evaluation defining the effects 
of representative clinical dextrans or wounds contaminated with these species 
of bacteria is of interest. Intradermal lesions produced by the inoculation 
of living bacteria affords a satisfactory model in which the host response to 
bacteria can be studied. 

The administration of representative American and British clinical dextran 
glutions to rabbits in either moderate or massive amounts did not alter the 
ross Or microscopic characteristics or the course of development of lesions 
produced by P. vulgaris, Staph. aureus, E. coli, Cl. perfringens, or Ps. 
wruginosa. A solution of erude native dextran of high molecular weight did 
alter the character of lesions produced by the strain of Staph. aureus in that 
larger areas of suppuration developed and the margin of erythema and in- 
duration surrounding the suppuration diminished. This change in the character 
of the staphylococeal lesions resembles the spreading necrotic lesions reported 
by Shilo and eo-workers.* Microscopie examination of these spreading lesions 
in our studies did not show actual necrosis but dense subepidermal accumu- 
lations of polymorphonuclear leukocytes. The inflammatory lesions due to P. 
vulgaris, FE. coli, Cl. perfringens, or Ps. aeruginosa were not altered by the 
administration of the erude American dextran. 

Pillemer and associates’ have recently reported that some high molecular 
polysaccharides, including some dextrans, inactivate serum properdin when 
combined in vitro or when injected into animals. Other dextrans have no effect 
on properdin. The type of erude American dextran employed in our studies 
was one of those which had no ability to remove or inactivate properdin. Thus 
the effect of the erude dextran on the localized staphylococeal lesions and lack 
of effect on the other bacterial species probably cannot be related to alterations 
in the serum properdin system. 

Neither the hydrolyzed clinical dextrans nor the erude native dextran 
interfered with the rabbits’ capacity to clear the blood stream of circulating 
staphylocoeci, either coagulase positive or negative. 


CONCLUSIONS 


1. The administration of moderate to large quantities of representative 
American and British clinical dextrans to rabbits had no demonstrable effect 
$n the gross size or character or on the microscopic characteristics of intra- 
lermal lesions produced by Proteus vulgaris, Staphylococcus aureus, Escherichia 
coli, Clostridium perfringens, or Pseudomonas aeruginosa. 


2. The administration of a solution of crude native American dextran of 
high molecular weight altered the cross character and size of the lesions due 
0 Staph. aureus; the degree of suppuration increased while the vascular re- 
actions consisting of erythema and edema decreased. The erude native dextran 
lad no demonstrable effect on the lesions produced by strains of the other four 
Species of bacteria. 

3. The administration of solutions of crude native American dextran or 
‘f American clinieal dextran did not interfere with the ability of rabbits to 
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clear sublethal numbers of either Staphylococcus aureus or Staphylococcus 
albus from the blood stream. 


We wish to express our appreciation to Dr. M. H. Sloan, Professional Associate of tly 
National Research Council, and Mr. F. R. Senti, of the Northern Utilization Research Branel 
of the Agricultural Research Service, for making the crude native dextran available. 
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CLINICAL EVALUATION OF THE AMMONIUM CITRATE TOLERANCE 
TEST FOR DETERMINING THE PATENCY OF A 
PORTACAVAL SHUNT 
B. Erseman, M.D., G. M. LinpeMAN, M.D., ANp G. M. CriarK, M.D. 
DENVER, COLO. 


WITH THE TECHNICAL ASSISTANCE OF N. LORENZ 


ECENTLY we described an oral ammonium citrate tolerance test for deter- 
R mining the patency of a portacaval shunt and gave the experimental basis 
for its use! The purpose of this report is to summarize our clinical experience 
in the use of this test on 38 oceasions in a series of 15 patients with portacaval 
shunts. 


The ammonium tolerance test is performed by measuring? the peripheral 
blood ammonia concentrations at 30-minute intervals following the oral ad- 
ministration of 15 Gm. of ammonium citrate. Portal perfusion of the liver of 
orally administered ammonium salts under normal conditions yields almost 
complete conversion of ammonia to urea, resulting in little or no rise in 
peripheral venous blood concentrations. With a functioning portacaval shunt, 


however, ammonia absorbed from the intestine by-passes the liver and is de- 
livered directly into the systemic circulation, resulting in higher and more 
prolonged elevation of blood ammonia levels. 


CLINICAL MATERIAL 


We have utilized the oral ammonium citrate tolerance test on 38 occasions in the 
study of 15 patients with portacaval shunts (Table I). The anatomic status of the shunt 
has been confirmed in 5 cases, either by splenoportographic visualization, by exploration, or 
by necropsy. In 10 other cases it was possible only to correlate the findings of the am- 
monium citrate tolerance test with the clinical and laboratory status of the patient. 

Patients With Shunts of Confirmed Patency.—Of the five patients in whom the status 
of the portacaval shunts was confirmed, four have been patent (Table IT). Two of these 
patients had ammonium tolerance curves so characteristic as to justify an unequivocal di- 
agnosis of patency from a single study. In both of these patients (Cases 1 and 2, Table I), 
the magnitude of the peak rise (5.9 meg. per milliliter) and the prolonged elevation of the 
blood ammonia level are characteristic of patency. Splenoportograms and confirmatory 
ammonium tolerance curves are illustrated in Figs. 1 and 2. 

In another patient in whom splenoportography proved patency of the vascular shunt 
(Case 3, Table I), it was necessary to compare the pre- and postoperative ammonium citrate 
tolerance tests definitely to interpret the findings. The postoperative finding alone could 
interpreted as consistent with patency; comparison with the preoperative studies 
essary to demonstrate a change and to support the diagnosis of hepatic by-pass. 
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TABLE I. SUMMARY OF 38 ORAL AMMONIUM Crtray TOLERA 


| DATE OF | TYPE OF | 
CASE} AGE DISEASE SHUNT SHUNT | PREOP. ACTT 


7 33 Cirrhosis from ~ ~ 6/22/53| Portacaval | Date 
CCl, 
| 


| 


2 | 39 |Cirrhosis 1/25/54| Portaeaval | 1/20/54| Time 0 
alcoholic NH, | 1.9 


47 |Cirrhosis 12/17/54 Portacaval | 12/11/54! Time 0 
inf. hepatitis | -, ~ME 135 
aleoholie 


| Cirrhosis ~ | 7/20/54! Portacaval | 


58 | Cirrhosis “| 1/14/54! Portaeaval | _ 
alcoholic 8/24/54| Splenorenal 
and homo-| 

graft 


9 Congenital 3/22/55 - Portacaval /20/55| Time 0 45 
NH, |1.6 | 2.2 

26 | Cirrhosis Portacaval | 2/25/55| Time| 0 
inf. hepatitis NH; |1.6 | 1.9 


41 | Cirrhosis — |, 55| Portacaval | 2/ 4/55| Time 
inf. hepatitis | | NH; 


41 | Cirrhosis — / 1/53| Portacaval 
alcoholic 

59 | Portal vein ob-— 3/17/51| Portacaval 
structed by 1948 | Splenorenal 
anomalous 
hepatic artery 

56 | Cirrhosis 3/ 8/54| Portacaval 
alcoholic 

36 |Cirrhosis _ | 11/20/53! Portacaval- 
inf. hepatitis 





AMMONIUM CITRATE TOLERANCE TEST 


TOLERANCE TESTS ON 15 PATIENTS WITH PORTOCAVAL SHUNTS 


~ | SPLENO- | 
PORTO- 
POSTOP. ACTT GRAM REMARKS 
Date | Time 40 80 | 200 3: Open X-ray: varices disappeared 
9/54) NH, . 2.8 od 5.0 
9/30/54, Time ) | 60 300 
NH ‘ due ; 3.7 
Time 
NH, 
Time 5 | Open X-ray: varices disappeared 
Ni. q 5! E EEG changes & postop. 
ACTT 
Time 8 Open | X-ray: varices disappeared | 
NH 
Time 
NH : é 
Time 7 Not done | Died 10-5-54 of hepatie fail- 
NH 5 3: 3 oF ure. No postop. bleeding 
shunt open P.M. 
Time Closed | Died 4-22-55. Gastric hemor- 
NH yy % 3: y rhage. Both shunts closed 
at necropsy 








Time 
NH 

Time 
NH 

Time Not done | X-ray: varices disappeared 

NH 

Time : : Not done |*Vomited @ 40 min. during 

NH 33 r. 3 postop. ACTT. ‘‘ Ammonia 


intoxication’’ coma for 3 
days 


Time Not done | X-ray: varices disappeared 
= | 
NH 


Time ” *Vomited @ 40 min. 

NH, 3. 

Time Not done 

NH 

Time j Not done | X-ray: varices disappeared _ 
NH 


Time f ( oo) Not done | 

NH 

Time { 3; S53: 37: Not done | 

NH, 9: 5. 3.8 S ; *Vomited @ 10 min. 

Time | 3 150 

NH, 6159 | 5. 4.4 

lime | ¢ “150 ‘ : *Vomited @ 5 min. 

NH , x Y 5. 4, 95 | Recurrent hematemesis af- 
ter 2nd postop. month. 

Time wae X-ray: varices persist 

NH, 
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TYPE OF | 
SHUNT 


DATE OF 


DISEASE SHUNT PREOP. ACTT 


| 12/18/53) Time | 0 | 30| 60 | 150 |270 ; 





| 
| NH, [1.9 | 3.6/3.1 [30/923 
| tov ee Bat te 


| | 

e | | 
Cirrhosis ts Portacaval 

| | 

| | 

ol 

| 


| | 
Cirrhosis | 9/16/53| Portacaval | — 
inf. hepatitis | | 

| | | 

| } 

| | | 
| | | 
2 \Cirrhosis | 3/15/56 | -Portacaval 
alcoholic 


| 
| 
| 
| 3/13/56| Time | 0 | 45 |135 
| NH, |.80 | .86 | 79 











Patient 4 had but a single postoperative test which was consistent with shunt patency, ova 
a fact confirmed at later post-mortem examination. _ 


-atient 5 had proved closure of his shunt and this will be discussed hereafter. 


Patient AFD No. 13660 
15 grams NH Citrate 
Porlacaval Shunt Patent 


Yn ws 


NA; Agrams per ml. 
Go» 


~ 








MINUTES 60 


Fig. 1.—Splenoportogram and oral ammonium citrate tolerance 


test demonstrating patency of 
portacaval shunt. 


Patients Without Confirmed Status of Vascular Shunts——In 9 patients there is no ab 
solute proof of the status of the portacaval shunts, other than by clinical and radiolog’ 
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Number + 


(‘onT’D 


| SPLENO- 
| PORTO- 
POSTOP,. ACTT GRAM 








REMARKS 


11/54 Time | 30 | 75 
NH, 7 | 5.6 3.0 
Time & 60 
NH, | 5.8 | 8.1 
Time | 60° 


NH, |. 2: | 7.4 


Time 5 60 








| Hematemesis recurred in 
NH, S er cy 2] E ; ; | June 754 
Time 0| 3: 65 | At surgery: very small anas- 
NH, 1.6 | 3.3 3.4 Af 8 | tomosis 
Time — 0 | 
NH, Wig 
Time 0 5 95 
NH, 0.9 | 2. 2.3 | 
Time 0| 45 | 180 | |Not done 
NH, | 1.16}1.2: 3.47 





| . . 
| X-ray: varices persist 


evaluation. In 6 of these cases all evidence pointed toward shunt patency, and oral am- 


monium citrate studies confirmed this impression (Fig. 3) definitively in 4 patients and sug- 


Patient G.KC. No. 13,934 
Affer Shunt IS grams NH, Citrate 


yal. 
=. 


Before Shunt 


rams per 
~ ra gt aA Om 


NH; A; 








60 120 180 240 


Fig. 2. -Splenoportogram and pre- and postoperative oral ammonium citrate tolerance test 
demonstrating patency of portacaval shunt. 


gestively in 2, In the 3 patients in whom pre- and postoperative studies could be com- 
pared, the marked changes in the blood ammonia curves made the diagnosis more exact. 
The peak rise in these cases being 6.5 to 11 times that of preoperative studies (Table III). 
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TABLE II. SuMMaRyY OF 5 CASES IN WHICH AMMONIUM CITRATE TOLERANCE TEST WAS Cou 
PARED WITH THE ANATOMICALLY CONFIRMED CONDITION OF THE VASCULAR SHUNT 














| 


| CONDITION OF SHUNT ACCORDING TO | CONDITION | 
| AMMONIUM TOLERANCE TEST OF SHUNT | CONFIRMED | CORRELATION 





-atent Patent Splenoportogram Yes 
Patent Patent Splenoportogram j 
-atent but not absolutely diagnos- 

tic Patent Splenoportogram 
Patent by a single postoperative 

test Patent Autopsy 
Strongly suggestive of patency Closed Splenoportogram 
Later diagnostic of closure Operation 

Autopsy 


TABLE III. COMPARISON OF PEAK BLOOD AMMONIA CONCENTRATIONS IN AMMONIUM CITRAT! 
TOLERANCE STUDIES 


MICROGRAMS 
PER CENT | RATIO DIFFERENCE 
DATE OF ABOVE | (RISE POSTOP. PEAK PRE- 
SHUNT E BASELINE RISE PREOP., ) AND POSTOP., PATENCY 
3/ 9/54 D. 522 Open 
9/30/54 3. 470 Open 
3/17/55 oe 430 Open 


1/20/54 : 170 Preop. 
2/11/54 : 394 2. 2. Open 


/11/54 j 167 Preop. 
/23/54 2. 267 2. We i Open 
{12/55 2. 234 2. : Open 


12 
12 


8/17/54 Open 

5/24/54 , Closed 
9/17/54 . Closed 
3/31/55 Z. Closed 


3/20/5: 


Preop. 
3/31/5: 


Open 
2/25/55 


Preop. 
6/20/5! 


Open 
Preop. 
Open 
Open 
Open 
Open 
Unknown 


Open 
/ 4/5: ¥ 368 Open 
8/5; . 286 Open 


/ 8/54 ; 123 Closed 


/ 
/ 


12 
12 
12 
11 


/ 1 Je a 3 > 239 


12/18/53 187 
1/11/54 E 330 Open 
1/29/54 5. 625 3. at Open 
3/16/54 q 400 oo De: Open 

10/15/54 ? 285 


Preop. 


Closed 


1/19/54 8 212 Probably 
3/ 7/55 a 118 closed 
10/10/55 . 256 


3/13/56 0.06 107 51.1 
3/27/56 3.07 365 


*Compared with ACTT after spontaneous shunt closure. 
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tmmonium Tolerance Test With a Closed Shunt.—The most significant studies are in 
the 4 patients in whom the shunts have closed, for it is in this group that the diagnostic 
accuracy of the test is of prognostic and therapeutic value. 
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Fig. 3—Ammonium citrate tolerance curves in 4 patients with patent portacaval anastomoses 


. Case 35 


F 
6 
5 
4 
z 
2 
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30 60 90 1/20 150 180 2/0 240 270 300 330 

Minutes 

‘ig. 4.—Ammonium citrate tolerance studies in a patient with proved shunt closure 
(Case 5, Table I). Line 1, 4 months following portacaval anastomosis when patient was 
doing poorly and tolerance test shows minimal rise. Clinical and laboratory evidence of 
patency both in doubt. Line 2, three weeks following reoperation and splenorenal shunt. 
Line 3, seven months following splenorenal shunt. The absence of an abrupt change in the 
curves suggests that the shunt was unsuccessful, a fact confirmed at autopsy. 


In the first such case (Case 5, Table I), the ammonia tolerance test 4 months after 
portacaval anastomosis showed a minimal rise (Fig. 4, Line 1), at a time when the pa- 
tient’s clinical course showed no appreciable change from his preoperative condition. 
Closure of the shunt was confirmed by splenoportography and at reoperation when a spleno- 
renal shunt was performed, necessitating a bridging lyophilized homograft. His clinical 
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course deteriorated, and ammonium citrate tolerance tests 3 weeks (Fig. 4, Line 2) and 
7 months (Fig. 4, Line 3) postoperatively showed no significant change from preoperative 
configuration. The patient expired from a bleeding gastric ulcer and closure of both 
shunts was confirmed at autopsy. The increasing peak of the blood ammonia levels in the 
tests apparently reflects expansion of natural collateral channels around the liver. 

In the second such patient (Case 12, Table I), the ammonium tolerance test indicated 
patency immediately following surgery but showed a dramatic reversion indicating closure 
when he began once again to bleed from his varices. 

The third patient (Case 13, Table I) did not bleed during the first few months fol- 
lowing operation, and the ammonia tolerance test suggested shunt patency by prolonged 
elevation of blood ammonia concentrations compared to the preoperative determinations, 
Thereafter, recurrence of esophagedl bleeding, probably due to shunt closure, was accom- 
panied by a reversion of the ammonium tolerance curve toward a preshunt configuration 
(Fig. 5). 


Case /3 


GQ A N @®& 


“~~g per CC 
aS 





i 
x 

22 
/t 








30 60 90 120 150 180 2/0 290 270 300 330 J60 
Minutes 
Fig. 5.—Ammonium citrate tolerance studies in a patient with proved shunt closure 
(Case 13, Table I). Line 1, 12-18-53, preoperative. Lines 2, 3, and 4, serial tests in the 


2, 3, 
4 months following operation indicating shunt patency during a period when patient was 


asymptomatic. Line 5, 10-15-54, return to preshunt configuration at a time when patient 
once again began to suffer from hematemesis. 

In a fourth patient (Table I, Case 4) there were 2 minor episodes of hematemesis 
within a two-year period following operation, and esophageal varices were demonstrable 
on esophagograms. Ammonium citrate tolerance curves have been compatible with shunt 


closure since the early postoperative period, in confirmation of the clinical findings. 
DISCUSSION 


The oral ammonium citrate tolerance test measures the amount of portal 
blood by-passing functioning hepatie cells, whether via a surgically created 
shunt or by natural collaterals. For this reason the most reliable method of 
interpreting the test is in the comparison of ammonium tolerance studies per- 
formed preoperatively and serially during the postoperative period when shunt 
patency is in doubt. An abrupt change in the toleranee study provides the 
most valid indication of shunt closure. 

Three criteria are used in the interpretation of the test: the maximum 
blood ammonia concentration; the percentage rise above the control level; 
and the duration of the elevation. Peak concentrations have varied widely, 
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but patent shunts have invariably produced a minimum concentration of 6 
meg. per milliliter, while concentrations prior to operation or after shunt 
elosure have invariably been below 3.6 meg. per milliliter. This suggests that 
blood flow through esophageal varices and other natural shunts is far less than 
surgically ereated portacaval anastomosis. The duration of the blood am- 
monia elevation has been of less value since it depends upon the rate of in- 
testinal absorption as well as the degree of hepatic by-pass. 

Correlation between the radiologic appearance of esophageal varices and 
the ammonium citrate tolerance test has been high. In the 8 patients in whom 
varices were demonstrable prior to surgery, 6 have disappeared following 
operation, and in each case the ammonium tolerance test indicated a patent 
shunt. In 2 eases varices reappeared when the tests indicated closure of the 
vascular anastomosis. 

Complications—The ingestion of ammonium citrate has produced 6 tran- 
sient episodes of vomiting in the 38 times that this test has been employed. 
This is due to the local irritating effect of ammonium citrate upon the gastric 
mucosa, since it occurs shortly after ingestion and is not associated with ele- 
vations of peripheral blood ammonia concentrations. 


Three patients have shown some evidence of ‘‘ammonia toxicity.’’> In 


two eases these changes were minor and might have gone unnoticed but that 
we were seeking evidence of drowsiness and fine muscle tremor. In one of 
these patients a slow dysrhythmia characteristic of hepatic coma* was noted 
on the electroencephalogram. In the third patient who had severe, uncom- 
pensated liver disease and a patent shunt, transient coma typical of ammonia 
intoxication® resulted from the ingestion of ammonium citrate. It is our eur- 
rent practice not to employ this test on any patient with an acutely decom- 
pensated liver or in the presence of active parenchymatous hepatic disease. 
Blood ammonia elevation far beyond the physiologic range can be tolerated 
for a number of hours in the experimental animal before it produces coma,® 
and clinieal experience in the use of the ammonium citrate tolerance test con- 
firms this finding in man. Temporary elevation in the extracellular ammonia 
concentration, as produced in this test, is relatively innocuous, suggesting that 
the intracellular metabolic defects are of more fundamental importance.® 

Critical evaluation of this test indicates that it is of clinical value in the 
study of patients following the surgical creation of a portacaval shunt. It is 
simple to perform, is not expensive, causes little discomfort to the patient, 
and is safer than other comparable tests, such as splenoportography’ or ecathe- 
terization and visualization of the vena eava.2 This experience suggests that 
the test is reliable in that neither a false indication of shunt pateney nor closure 
has been obtained. 

The disadvantages of this test also are apparent. Administration of am- 
monium salts to patients with hepatic cirrhosis carries the threat of toxicity 
despite the safeguards previously mentioned. Other nontoxie substances 
might similarly be employed to obviate this disadvantage of such a test. The 
measnrement of blood ammonia concentrations, though not difficult, must be 
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performed promptly® and in most hospitals is not a standard laboratory pro- 
eedure. Another disadvantage is that a single tolerance test has not invariably 
been a reliable indication of the status of a surgically created shunt, and serial 
determinations often are necessary. 

Finally it should be understood that this test in actuality measures the 
amount of portal blood by-passing functional hepatic cells and, therefore, is 
influenced by blood flow in esophageal varices, or other naturally occurring 
collateral pathways, even though such flow is appreciably less than through a 
surgically created portacaval or splenorenal vascular anastomosis. 


SUMMARY 


1. The oral ammonium citrate tolerance test has been utilized on 38 ocea- 
sions to study the patency of the portacaval vascular shunt in a series of 15 
patients. 

2. This test has proved to be a reliable guide to the patency of the vas- 
cular anastomosis, either when the shunt remains open or after its closure. 


9 


3. The advantages and disadvantages of the test are deseribed. 
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A COMPARISON OF THE EFFECT OF FE-3-SPECIFIC, VERSENOL, 
AND CALCIUM DISODIUM VERSENATE ON URINARY IRON 
EXCRETION IN A PATIENT WITH HEMOCHROMATOSIS 

F. GitBert McManon, B.S., M.S., M.D.* 
LAACKLAND AiR ForcE BAsE, SAN ANTONIO, TEX. 


HE subject of hemochromatosis has been recently reviewed by Kleckner,' 

Dubin,? Althausen,* Finch,* Schwartz,° and others. The classical manifes- 
tations are found in a man, over thirty-five years of age, with hepatomegaly, 
diabetes mellitus, skin pigmentation, heart disease, loss of body hair, and 
testicular atrophy, although not all of these findings need be present. Aside 
from the management of the diabetes and cirrhosis, should these be present, 
the principal object of therapy is the mobilization and removal of the exces- 
sive stores of iron. Unless a refractory anemia exists, the present treatment 
of choice seems to be multiple, massive phlebotomies.’ *'° However, the man- 
agement of a patient with hemochromatosis associated with a chronic refrac- 
tory anemia represents a more difficult problem. 

Recently there has been added to the medical armamentarium a new group 
of organie compounds known as chelating agents. These are so named because 
they have the ability to chelate or combine chemically with various metallic 
ions of the body and subsequently be excreted via the kidneys. They theo- 
retically furnish a means of regulating the levels of metallice ions in biologie 
systems. Most of the chelating agents employed medicinally today are deriva- 
tives of ethylenediaminetetraacetic acid (EDTA), and are known by the 
trade name of Versenes.t The sodium and calcium salts are known at Ver- 
senates.t| Hyperealeemic states have been treated successfully by administer- 
ing sodium EDTA,"'*** although renal tubular toxicity and hemorrhagic mani- 
festations to this drug have been reported in two patients.* Acute and 
chronic lead intoxication have been successfully treated with calcium disodium 
EDTA’ (hereafter referred to as Ca EDTA). Although widely used _ re- 
cently in the treatment of heavy metal poisoning, an instance of mild toxicity 
in humans has been reported with Ca EDTA by Foreman and associates.?° 
This group has emphasized the potential nephrotoxicity of unregulated ther- 
apy with this drug. The use of Ca EDTA in an attempt to mobilize the exces- 
sive iron stores in cases of hemochromatosis and hemosiderosis has been re- 
ported to date by four groups of investigators.’ *'** Their results from the 
intravenous administration of from 1 to 4 Gm. of this drug have shown a 
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three- to tenfold increase in the urinary excretion of iron. Oral administration 
has failed to augment urinary iron excretion. The use of another chelating 
agent, Versenol, or N-hydroxyethyl ethylenediaminetetraacetic acid, has 
been reported by one group of investigators,** with an approximately similar 
effect on iron mobilization and excretion. A third chelating agent, Ie-3-Spe- 
cific or N, N-dihydroxyethyl glycine, has heretofore not been reported ad- 


ministered to humans. However, Foreman and his associates?’ have reported 
this agent to be effective in accelerating the excretion of radioactive iron from 
rats. This drug has long been used in industry for removing traces of iron 
from solutions. It has a strong avidity for iron; it is relatively nontoxic; it 
forms soluble chelates which are readily excreted through the renal route; 
and it forms chelates over a wider pH range (3.5 to 12.0) than Ca EDTA or 
Versenol. 


It is the purpose of this paper to report in detail a case of hemochromato- 
sis and to compare the results of Ca EDTA, Versenol, and Fe-3-Specific on 
urinary iron excretion. 

MATERIAL AND METHODS 


The clinical material consists of one patient with hemochromatosis (described in 
detail in the case report below) to whom Ca EDTA, Versenol,* and Fe-3-Specific* were 
administered. During the Ca EDTA study the hemochromatotic patient was given a high 
calorie diet which contained an estimated 18 to 20 mg. per day of iron. During the sub- 
sequent studies with Versenol and Fe-3-Specific, the patient ingested approximately 5 mg. 
per day total iron, 2,500 to 3,000 calories, and one tablespoon aluminum phosphate ge 
with each meal. Multivitamin supplements were taken daily. 

secause there is no published report on the effect of the administration of Fe-3- 
Specific to humans, and for control purposes, this drug was given to six healthy young 
men, all of whom were convalescing from spontaneous pneumothoraces, and in whom there 
was no evidence of hepatic, renal, or hematologic disease. 
eral diets throughout. Ca EDTA was administered by slow intravenous drip, 3.0 Gm. 
being mixed with 500 ml. of 5 per cent glucose solution. The Versenol solution employed 
was found to have a specific gravity of 1.30 and a pH of 12.60. One gram of this material 
was titrated to a pH of 7.35 with 2.5 N hydrochlorie acid with use of a Beckman Model 
G pH meter. This solution was filtered, autoclaved for 15 minutes at 15 pounds pressure, 


These patients were given gen- 


and then administered either orally with a glass of water, 1 Gm. every 8 hours, or by slow 
intravenous drip, 1 Gm. being mixed with 250 ml. of 5 per cent glucose solution. The Fe-3 
Specific used had a specific gravity of 1.21 and a pH of 12.72. This solution was prepared 
exactly as was the Versenol. The dosage of this drug given the six control subjects was 
0.5 Gm. twice daily orally for five days, then 1.0 Gm. intravenously daily for seven days. 
The hemochromatotic patient’s daily dose of Fe-3-Specific was 1.0 Gm. orally for five days, 
then 1.0 Gm. every eight hours for five days. The intravenous dose was 2.0 Gm. mixed 
with 500 ml. of 5 per cent glucose solution. Administration was preceded in each case by 
five days of control 24-hour urinary iron determinations. 

Serum iron was determined by the method of Barkan and Walker.26 Iron-binding 
capacity was determined by the method of Ventura.27 Urinary iron determinations were 
made according to the method described in the Manual of Standardized Procedure for 
Spectrophotometric Chemistry, H. J. Fister, N. Y., 1950, Method 26. All other laboratory 
procedures involved standard techniques. 


During the approximately 100 days of this study, 24-hour urinary iron determinations 
were made daily. Twice weekly the following studies were made: fecal occult blood, 


*Kindly supplied by Dr. Maynard B. Chenoweth of the Dow Chemical Co., Midland, Mich 
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routine urinalysis, blood urea nitrogen, fasting blood sugar, bromsulfalein retention, serum 
bilirubin, direct and indirect van den Bergh, alkaline phosphatase, cephalin flocculation, 
thymol turbidity, serum cholesterol and per cent esters, serum sodium, potassium, chloride, 
carbon dioxide combining-power, calcium, serum iron, and iron-binding capacity (for the 
last three weeks only), WBC, RBC, hemoglobin, hematocrit, sedimentation rate, platelet 
count, reticulocyte count, and prothrombin time. These determinations were also made 


on the six control patients, twice weekly, during the Fe-3-Specifie study. 


CASE REPORT 

F., a 42-year-old white male Master Sergeant, a fifth-generation American of Eng- 
ish-French descent, was first admitted to the 3700th USAF Hospital on September 19, 
1955, having been referred for evaluation and treatment of cirrhosis. His only complaints 
on admission were moderate malaise, diminished libido with some impotency, and occa- 
sional bouts of nocturnal leg cramps. In 1941, the patient had “yellow jaundice” while 
serving in Alaska. He recalls having malaise, anoxia, nausea, generalized icterus, and 
dark-colored urine. He was not hospitalized, was apparently permitted full ambulation, 


and states that his symptoms and icterus gradually subsided in one or two weeks. In 
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he had a sudden episode of right upper quadrant pain. He was hospitalized briefly, 
curing which time he had a liver biopsy which contained, however, only “normal con- 
nective tissue.” At this time his liver was first reported as enlarged. In August, 1954, 

biopsy was done for suspected hemochromatosis and he was told it did not show 
this disease to be present. His skin has been a brown-gray color over the exposed sur- 
faces and particularly the pretibial areas of the lower extremities, for as long as he can 
recall, but acquaintances have noticed increased “tanning” since 1951. There is no history 
holism or of nutritional deficiency. There has been no edema or ascites. He has 
never received a blood transfusion, but gives a history of having been treated with “iron 
for six months at age 12. He was told he had some anemia in 1952, but was given 
No treatment. In 1953 he was given ferrous sulfate tablets for anemia (300 mg. three 
times a day for approximately 3 months). Three weeks before his present admission he 
Was again told he had some anemia and was given ferrous sulfate 300 mg. t.idd. This 
scontinued immediately on’ admission. 


tonie’ 


Was 
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TaBLE I. Laporatory Data 
Hemoglobin 10.0 Gm. per 100 ml. 
Erythrocytes 4.65 million per cu. mm. 
Leukocytes 5,850 per cu. mm.t 
Hematocrit 35 mm. per hr. 
Mean corpuscular volume 75 cu. pw 
Mean corpuscular hemoglobin 21.5 meg. 
Mean corpuscular hemoglobin concentration 28.5 per cent 
Erythrocyte sedimentation rate (Wintrobe, corrected ) 5 mm./hr. 
Cardiolipin microflocculation Negative 
Reticuloeyte count 0.8 per cent 
Platelet count 240,000 











Erythrocyte fragility test: 

(To hypotonic saline) 
Hemolysis began 0.38 per cent (control: 0.42 see.) 
Hemolysis complete 0.28 per cent (control: 0.382 sev. 

Bleeding time 3 min., 30 see. 

Coagulation time (Duke) 3 min., 45 see. 

Coombs test (direct) Negative 

Blood glucose 105 mg. per 100 ml. 

Glucose tolerance test Normal 

Cortisone-glucose tolerance test Diabetic} 

Serum proteins 7.60 Gm. per 100 ml. 

Electrophoretic pattern: 
albumin 45 
alpha 1] 4 

alpha 2 15 

12 


-0 per cent 
.l per cent 
.0 per cent 
beta 


.l per cent 

gamma 23.8 per cent 
Serum iron 195.4 meg. per 100 ml. 
Iron-binding capacity (saturation ) 96.4 per cent 
Calcium 8.2 
Inorganic phosphorous 4.6 
Alkaline phosphatase 2.2 
Sodium 140. 
Potassium 
Chloride 
Carbon dioxide ecombining-power 
Sulfobromophthalein retention 
Cephalin-cholestero! flocculation 
Cholesterol 


mg. per 100 ml. 

mg. per 100 ml. 

Bodansky units 

0 meq. per liter 

4.9 meq. per liter 

95.0 meq. per liter 

22.4 meq. per liter 

t per cent (45 min.) 

2 plus (24 hours.), 3 plus (48 hrs. 


235 mg. per 100 ml. 
Cholesterol esters 70 per cent 


Thymol turbidity 7.8 units 

Serum bilirubin 1.18 mg. per 100 ml. 
Direct 0.30 mg. per 100 ml. 
Indirect 0.88 mg. per 100 ml. 

Lupus erythematosis cell preparation (X3) Negative 

Feeal urobilinogen 87 mg. per 24 hrs. 

Urinary urobilinogen 0 per 24 hrs. 

Basal metabolic rate plus 23 


Electrocardiogram 
Urinalysis 
Gastric aspiratus 


Normal 
Normal 
50 ml. 


Free HCl 49 degrees 
Total HCl 78 degrees : 
*Basophilic stippling was prominent. Anisocytosis, microcytosis, and hypochromia wer 

also noted in the peripheral blood smear. 





+Three band cells, 47 segmented neutrophils, 42 lymphocytes, 7 monocytes, and 
eosinophil. 


tSee legend. 
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There have been no symptoms of polyuria, polydipsia, polyphagia or weight loss. 
He has never been especially hirsute, but admits that he needs to shave only every second 


or third day, for the past three or four years. Coincident with this there had been a 


= 


x 


2.—Siderotic granules in the bone marrow with Prussian blue stain (760). 


markedly diminished libido with impotency. The patient has an unusually accurate five- 


generation genealogy, and there was no history of diabetes, known liver disease, skin pig 
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Fig. 3.—(Upper) Prussian blue-stained liver biopsy specimen demonstrating hemosiderin 
deposition within the hepatic cells (170). (Lower) Hematoxylin-eosin-stained section show- 
ing biliary epithelial and connective tissue proliferation with early cirrhosis (X170). 
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mentation, ete. His mother died of breast carcinoma at age 50 and his father died of a 
coronary thrombosis at age 61. The patient is married, has one child, a boy aged 11, who 
complains of occasional dull pain in his right upper quadrant.* There are no siblings. 


Physical Examination.—Physical examination revealed a tall, slender, white man who 
was ambulatory, coherent, cooperative, and in no acute distress. Weight was 153 pounds. 
Skin examination revealed two spider angiomata over the left clavicle and brownish-gray pig- 
mentation of the face, the posterior surfaces of the hands and forearms, the pretibial sur- 
faces of the legs and the dorsum of the feet. The skin of the legs and forearms was also 
scaly, dry, and atrophic. The liver was firm, nontender, and palpable 7 em. below the 
right costal margin. Body hair was sparse. The testes were small and atrophic. The 
remainder of the physical examination was within normal limits. 

Laboratory results are given in Table I. The cortisone-glucose tolerance test was 
performed according to the method of Fajans and Conn.28 Three hundred grams daily of 
carboyhdrate was given each of three days preceding both the control test, i.e., the stand- 
ard glucose tolerance test, and the cortisone-glucose tolerance test. Fifty milligrams of 
cortisone acetate was given eight and one-half hours and again two hours preceding the 
administration of the oral glucose. The Folin-Wu blood-sugar method was employed. The 
results are depicted in Fig. 1. Chest roentgenogram, upper gastrointestinal series, chole- 
eystograms, and barium enema were reported as normal. 


Sternal marrow aspiration was 
reported as follows: 


“Marrow smears reveal erythronormoblastic hyperplasia of moderate 
degree. This is not so apparent as the differential might indicate since the smears are 
not too cellular. 


There is some basophilic stippling noted. Siderotic granules are easily 
seen in the unstained smear and are prominent with the Prussian blue stain (Fig. 2). The 
myelogenous series and megakaryocytes are normal. Platelets appear normal. The picture 


suggests an increased demand for red cell series and is compatible with the clinical diag- 
nosis of hemochromatosis. The myeloid-erythroid ratio is 1.1:1.0.” Liver biopsy was 
performed with use of a Vim-Silverman needle with an abdominal approach. This revealed 
generally intact hepatic cords and sinusoids. The hepatic cells, and to a much lesser ex- 
tent the Kupffer cells, contained large amounts of brown granular pigment material which 
was strongly positive for iron with Prussian blue stain. Some proliferation of connective 
tissue and of biliary epithelium in the portal areas with early cirrhosis was noted. Histo- 
pathologie diagnosis was hemochromatosis (Fig. 3 


RESULTS 

A. Results of Ca EDTA in Hemochromatotic Patient—As shown in Fig. 4, 
the patient’s urinary iron excretion averaged 2.44 mg. per 24 hours for three 
days prior to therapy. During the five days of intravenous Ca EDTA admin- 
istration, he excreted an average of 5.04 mg. of iron per day, or slightly more 
than twice his average control value. Maximal exeretion of iron occurred 
on the first day of both courses of treatment when 7.65 mg. and 7.84 mg. of 
iron were present in his urine. His second three-day control urinary iron 
averaged 2.27 mg., and the third three-day value averaged 1.91 mg. per day. 
These control levels exceed the normal daily urinary iron excretion by approxi- 
mately seven fold, but in the reviewing of the recent literature, similar high 
urinary iron levels in hemochromatosis are not infrequent. Seven’s** patient 
averaged 2.39 mg. per day, Kleckner’s' two patients had controls averaging 
25 mg. and 1.7 mg., Greenwalt’s** patient with transfusion hemosiderosis 
excreted 1.27 mg. per day during a control period. No toxicity or significant 


_— 


“The boy has no hepatomegaly, no anemia, and a normal peripheral blood smear. His 


7 9 


fasting serum iron is 97.2 mcg. per 100 ml., and serum iron-binding capacity is 28 per cent. 





f MC MAHON J. Lab. & Clin. Med. 
596 October, 1956 


alterations in the control chemistries were noted during or after therapy. 


Serum iron ranged from 179 to 253.5 meg. per 100 ml. and no correlation could 
be made with therapy. 


B. Results of Versenol in Hemochromatotic Patient —Fig. 5 shows the 
urinary iron control value for five days averaged 0.88 mg. per day. This value 
is significantly less than the control value with the Ca EDTA study. The only 
variable in the two studies was the diet. In the Ca EDTA study the patient 
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Fig. 4.—The effect of calcium disodium versenate administration on urinary iron excretion 
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Fig. 5.—The effect of oral and intravenous Versenol administration on urinary iron excretion 


consumed an estimated 18 to 20 mg. of iron in his diet. Throughout the re- 
mainder of the study he was given only 5 mg. per day of iron, and he took 
one tablespoon of aluminum phosphate gel with each meal. Although the day- 
to-day urinary iron levels varied considerably, there was this significant de- 
erease in average control iron excretion while on this low iron diet. It should 
be mentioned that the patient was able to tolerate this diet quite satisfactorily 
and that his total daily intake varied between 2,500 and 3,000 calories. His 
die was supplemented with multivitamins. The oral administration of Ver- 
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senol, 1.0 Gm. three times daily, resulted in an average excretion of 1.77 mg. 
per twenty-four hours throughout the five days of therapy. However, this 
drug seemed to have an initial ‘‘lag period’’ for the first two or three days, 
as well as a protracted effect post-treatment. Four and thirty-five hundredths 
milligrams was excreted during the first two days following this therapy. 
When 1.0 Gm. was given intravenously for four days, an average daily excre- 
tion of 3.28 mg. was obtained representing almost a fourfold increase in iron 
excretion. Increasing the dose to 2.0 Gm. intravenously per day produced a 
mild further increase in urinary iron to 3.78 mg. excreted in twenty-four hours 
or more than a fourfold increase in iron excretion. For three days following 
this therapy an average of 3.83 mg. was exereted daily before the values re- 
turned to control levels. No signs of toxicity developed during treatment, 
and no significant changes occurred in the numerous controls which were 
done throughout the twenty-six days of this particular phase of the study. No 
significant alteration in serum iron occurred which could be attributed to 
therapy. 
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The effect of oral and intravenous Fe-3-Specific on urinary iron excretion. 


C. Results of Fe-3-Specific in Hemochromatosis——In Fig. 6 the five con- 
trol values of urinary iron averaged 0.83 mg. per twenty-four hours. The oral 
administration of 1.0 Gm. for five days resulted in a daily iron excretion of 
145 mg., suggesting some mucosal absorption, but less than a twofold enhance- 
ment of iron excretion via the kidneys. Increasing the oral dose to 1.0 Gm. 
three times a day for five days resulted in an average daily urinary excretion 
o£ 1.53 mg. Thus no significant enhancement of excretion was produced by 
increasing the oral dose. The slow intravenous administration of 2.0 Gm. of Fe- 
3-Specifie diluted with 500 ml. of 5 per cent glucose produced a daily excre- 
tion averaging 1.53 mg. of iron. It thus appears that Fe-3-Specific either in- 
travenously or orally produces little mobilization of iron stores as judged by 
these urinary iron exeretion studies. The patient demonstrated no toxicity 
to therapy, nor were any of his blood chemistries, electrolytes, hemograms, 
urinalyses, ete., done twice weekly as controls, significantly altered. No con- 
sistent, deviation in serum iron occurred other than his normal variations be- 
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tween 169.4 and 229 meg. per 100 ml. The latent or unbound iron-binding 
capacity varied between 51 and 6.5 meg. per cent. But there was no signifi- 
cant diminution in the per cent saturation with Fe-3-Specifie therapy. 


TABLE II 





| #@-3-SPECIFIC THERAPY 

PATIENT CONTROLS 0.5GM. (P.0.) (B.1.D.) | 1.0 GM. (1.v.) 
Lo 342 7/24 hrs. 394 7/24 hrs. 455 7/24 hrs. 
C.J. 186 7/24 hrs. 281 7/24 hrs. 92 7/24 hrs. 
Jd. mB 6. 504 y/24 hrs. 478 7/24 hrs. 3 24 hrs. 
r.@. 382 7/24 hrs. 410 7/24 hrs. 375 24 hrs. 
512 y/24 hrs. 682 7/24 hrs. 74a 24 hrs. 
367 y/24 hrs. 524 7/24 hrs. j 7/24 hrs. 





Urinary iron excretion in 6 normal patients. Figures given are average values for five 
days of controls, five days of oral therapy, and seven days of intravenous therapy. 





D. Results of Fe-3-Specific in Six Control Patients—The results of the 
oral and intravenous administration of Fe-3-Specifie are given in Table II. 
It is evident that the urinary iron excretion varied significantly from day to 
day and that no consistent elevation in iron exeretion was produced by either 
route of administration of this drug. Each of these patients had control serum 
iron and iron-binding capacities within normal limits, and significant changes 
in these values were not noted during this study. No toxic effects were noted 
except for one episode of chills and fever following intravenous therapy, in- 
terpreted as being a pyrogenic reaction. No abnormal electrolyte levels, blood 
chemistries, urinalyses, ete., were noted during or subsequent to therapy. 


DISCUSSION 


A. Discussion of the Patient.—This patient is in the age group and of the 
sex in which hemochromatosis is typically found. He has hepatomegaly, 
brownish-gray skin pigmentation, loss of libido, sparsity of body hair, and 
testicular atrophy. His serum iron was persistently elevated and the un- 
bound iron-binding capacity persistently reduced. Although the skin biopsy 
done one year prior to his admission failed to show hemosiderin deposition 
with iron stains or increased melanin with silver stains or the thinning of the 
epidermis and flattening of the interpapillary processes described by Alt- 
hausen,*® it is probable that these changes would have been observed if the 
biopsy specimen had been taken from the anterior surface of the legs or 
dorsum of the hands or feet instead of the neck. These other areas are grossly 
more grayish colored, and are very shiny, scaly, and atrophie appearing. 
whereas the skin of the neck and face appears merely sun-tanned or bronzed 
and maintains its normal thickness and texture grossly. Two liver biopsies 
were performed at an interval of three months without any change in the 
amount of hemosiderin deposition or fibrosis being noted. Although the haz- 
ard of hemorrhage is reportedly rather high, these procedures were associated 
with no untoward symptoms or morbidity. Liver biopsy specimen confirmed 
the diagnosis of hemochromatosis by showing characteristic hemosiderin 
granules stored chiefly in the hepatic cells. Unstained bone marrow demon- 
strated golden-brown granules which were strongly positive for iron stains. 
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The patient’s cortisone-glucose tolerance test was diabetic. Although such a 
positive test is not diagnostie of hemochromatosis, it lends support to this 
diagnosis where there is a negative family history for diabetes. This tech- 
nically simple procedure may prove to be of prognostic value in those twenty 
per cent of hemochromatotic patients without diabetes, since this latter dis- 
ease represents a relatively late manifestation of the hemochromatosis syn- 
drome. 

That this patient’s iron storage disease is due to an excessive iron intake 
with a perhaps normal mucosal absorptive mechanism, such as deseribed by 
Wallerstein,*° Case Records of the Massachusetts General Hospital,** and the 


Gilmans,** is unlikely. As compared with 1,600 Gm. of iron ingested over a 
twelve-year period, or daily iron tablets for fifty years, or the daily imbibi- 
tion of iron-laden Kaffir beer as with the Bantu natives, our patient took 
medicinal iron only three times in his life. He ingested iron tonie for six 
months at the age of twelve, then 300 mg. of ferrous sulfate three times daily 
for three months in 1953, and this dose was repeated for three weeks in 1955. 
US.P. ferrous sulfate is FeSO,7H.O and, therefore, contains only 20.1 per 
cent iron. A dose of 300 mg. contains 60.3 me. of elemental iron, so that the 
patient ingested a total of only 6.69 Gm. of iron from ferrous sulfate. If 
we assume that ‘‘iron tonie’’ contains 500 me. of elemental iron, and this is 
pure assumption, though a generous one, then our patient has ingested a total 
of 96.69 Gm., a greatly smaller quantity than the cases referred to above. 

However, the fact that the patient was given iron tonic as a youth may 
he of significance in the pathogenesis of his disease because of the implication 
of anemia, although it cannot be ascertained whether he was actually anemic 
at the time. But he was definitely anemic in 1953, and again when next 
treated with medicinal iron in 1955. His anemia proved to be refractory to 
oral ferrous sulfate therapy. On admission this anemia was shown to be 
microcytie, hypochromie, and of obscure origin, possibly hereditary. 

Whether this patient has an idiopathic hemochromatosis due to a con- 
genital mucosal absorptive abnormality or whether his primary disease is an 
hereditary refractory anemia which has served as a stimulus to increased iron 
absorption through the years and now presents as a secondary hemochromato- 
sis is interesting to speculate. Such a case as the latter has been reported by 
Goldish and Aufderheide,** although their patient had a macrocytie type and 
&asomewhat more severe degree of anemia. 

The role his episode of hepatitis played in the causation of his disease is 
unknown but likely of little importance. That it may have aggravated the 
pathogenesis, however, is a possibility. 

B. Discussion of the Therapy.—The results obtained with intravenous Ca 
EDTA therapy are rather similar to those obtained by other investigators,” 21-2 
with a maximal daily urinary iron excretion of 7.84 mg. being obtained. How- 
ever, there was only slightly more than a twofold increase in iron excretion 
obtained. Oral Ca EDTA is less than five per cent absorbed and was therefore 
not viven. However, since Versenol has never been reported given orally to 
humans, this route of administration was employed. One gram given three 
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times a day resulted in a twofold increase in urinary iron excretion. Approxi- 
mately a threefold increment was obtained during the last three days of 
therapy and the next two days post-treatment. Intravenous administration 
of 1.0 Gm. produced results comparable to those reported by Seven and as- 
sociates,** and when this dose was doubled, a slightly greater excretion was 
obtained, representing more than a fourfold enhancement in urinary iron 
levels. Fe-3-Specifie appears to have only slight effect on the mobilization of 
iron stores in the doses employed. 2.0 Gm. administered intravenously approxi- 
mately doubled urinary iron excretion. 

In the performance of some forty-six blood determinations per week as 
controls, a total of approximately 1,500 ml. of blood was drawn from the pa- 
tient during the fifteen weeks of study. It soon became apparent that in spite 
of these phlebotomies, he developed no aggravation of his mild pre-existing 
anemia. Indeed, the removal of these 750 mg. of iron by phlebotomy was far 
more therapeutic than was the mobilization of iron that was accomplished by 
the combined effect of the three chelating agents. Since the termination of 
this study, phlebotomies of 500 ml. at intervals of two weeks have been 
initiated with successful return of his hemoglobin and hematoerit to their 
original range during this interim. He is on a general, high-ealorie diet, but 
takes aluminum phosphate gel with each meal. 

However, if a patient with hemochromatosis has associated with it a 
refractory anemia which is of such a degree that phlebotomy may be contra- 
indicated, the hope of such patients having their iron stores reduced or elimi- 
nated lies in the use of chelating agents. An ideal chelating drug has not 
yet been synthesized, but in the meantime Ca EDTA and Versenol offer some 
means of expediting iron mobilization and elimination. A diet low in iron, 
yet high in ealories, is impractical, rather unpalatable, and unnecessary, if 
the patient can be treated by phlebotomy. But if phlebotomy cannot be per- 
formed because of anemia, such a rigid diet may well be indicated in view oi 
the serious nature of the disease. Phosphates have long been known to dimin- 
ish iron absorption and may well supplement each meal. It is known that 
hypochromie individuals absorb from 20 to 30 per cent or more of ingested 
iron.** * On a 20 mg. daily iron diet (the average high-calorie diet), such a 
patient would absorb approximately 5 mg. per day, compared with an absorp- 
tion of 1.25 mg. per day while on the 5 mg. daily iron diet. This latter ealcula- 
tion assumes that the phosphate does not inhibit iron absorption. The pa- 
tient’s average urinary iron excretion was 2.21 mg. per day while on a gen- 
eral, high-ealorie diet, but only 0.86 mg. per day while ingesting the 5 mg. of 
iron per day. Although dermal exeretion of iron is very slight, we may as- 
sume it was relatively constant with either diet. Therefore, the hemochroma- 
totic, hypochromie patient on a 5 mg. iron diet may store only one-seventh 
the amount of iron that would be stored on a general diet, in spite of the 
diminished urinary iron excretion on the low iron diet. It should be reiter- 
ated that this diet is being advocated only for the oceasional hemochromatoti¢ 
patient who cannot tolerate phlebotomy because of anemia and in whom aug- 
mented iron absorption seems to prevail, either from the stimulus of hypo 
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chromia or from the intrinsic mucosal defect. 


There is much evidence accumu- 
lated that the idiopathic hemochromatotie patient does not absorb excessive 
amounts of iron in the later stages of the disease,* *° so that a low iron diet 
would be useless in the management of these patients. Of course, if the 


anemia requires frequent transfusions, the use of a low iron-high phosphate 
diet even with our present chelating agents would be of no benefit. 


SUMMARY 


1. A ease of hemochromatosis, either idiopathie or secondary to a chronic 
refractory anemia, is presented in detail. 


2. Ca EDTA enhanced urinary iron exeretion by slightly more than two- 
fold when given intravenously. 

3. Versenol, orally given, produced a twofold increase in iron excretion, 
and, given intravenously, produced more than a fourfold increase. 

4. Fe-3-Specifie by mouth had little effect and intravenously approximately 
doubled urinary iron excretion. 


5. Phlebotomy was the treatment of choice in this patient, in spite of a 
pre-existing, mild, hypochromic, microeytie anemia. 
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STUDIES ON A NEW ANTICHOLINERGIC DRUG, MARPLAN 


Wituiam H. Bacuracu, M.D. 
Los ANGELES, CALIF. 


7... is a report of our observations on a new anticholinergic drug, 1-methyl- 
3-benziloyl-oxyquinuclidinium bromide, hereinafter called Marplan. 


METHODS 

Investigation of Marplan was carried out by the same physiologic and clinical methods 
used in studies of other anticholinergic drugs, as described in detail in previous publica- 
tions,! 

RESULTS 

Votility Studies—Intravenous, subcutaneous, or intramuscular injection 
of 0.5 to 1.0 mg. of Marplan inhibited spontaneous and drug-stimulated con- 
tractions of all segments of the gut with the exception of post-Dromoran spasm 
of the choledochal sphincter. The onset of inhibition was immediate when the 
drug was administered intravenously; the latent period was approximately 5 
minutes for the intramuseular and 15 minutes for the subcutaneous route. 
The inhibition persisted until the end of the experiments, which extended for 
as long as two and one-half hours after injection of the drug. That this 
prolonged inactivity was due to a sustained action of the drug, rather than 
merely a failure of resumption of motility, was proved by the failure of the gut 
to respond to cholinergie drugs during the amotility period. 

The effective oral dose is less readily determined by the kymographic 
method; six tests indicated that motility may be inhibited by a single oral 
dose of from 20 to 35 mg. 

Secretory Studies—In a tolerated parenteral dose, Marplan does not pre- 
vent the transmission of impulses to the gastric glands via the vagus nerves 
when the secretory nuclei of the latter are stimulated by hypoglycemia, and in 
tolerated oral dosage does not abolish the gastric secretory response to food. 

Basal seeretion of hydrochloric acid is reduced to a significant degree by 
both oral and parenteral forms of the drug. The acid secretion during 
continuous intravenous infusion of Mecholyl is almost completely annulled 
by Marplan, while the potency of the histamine stimulus was diminished by 
\0 per cent or more by an intravenous injection of 1 mg. of the drug. 

Clinical Observations —Marplan has been administered to 88 patients 
with various digestive disturbances. Three-fourths of these were ulcer patients. 
A summary of the results (Table I) shows that of the 62 ulcer patients, 40 


. From the Veterans Administration Hospital, Los Angeles, Calif., and the University of 
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had symptoms when treatment was started; 26 of these, or 65 per cent, obtained 
complete control of symptoms. The response of the patients with other 
digestive ailments was relatively poor. 


TABLE I. SUMMARY OF TREATMENT WITH MARPLAN 


~~ @LINICAL RESULT 
NUMBER OF | ASYMPTO- | 
DIAGNOSIS PATIENTS | MATIC INCOMPLETE 


~ Peptic ulcer — : — 464 lit 





Functional dyspepsia 12 2 2 
Functional bowel 
disturbance 7 2 0 


Other 7 1 3 3 


*Twenty-two of these patients were in a symptom-free period when Marplan was started 

Twenty of these patients were asymptomatic at onset. 

tOne of these patients was asymptomatic at onset, therefore represents a _ recurrence. 

$One of these patients was asymptomatic at onset, therefore represents a recurrence. 

||Ulecerative colitis, regional enteritis, and gall bladder disease, 2 cases each; postgas- 
trectomy syndrome, one case. 


Side Effects —Information on this aspect of the action of Marplan was 
derived from some 120 observations, 70 in patients receiving the drug in 
clinical trial for gastrointestinal problems, 39 during physiologic studies, 10 
during electroeardiographie studies, and 3 in other circumstances. (For 
example, in one elderly woman the drug was given for irritable bladder, with 
gratifying result.) 

An injection of 1 mg. of Marplan accelerates the pulse within a few 
minutes to 25 per cent or more above the control level, where it may remain 
for approximately an hour before gradually returning to the preinjection rate. 
Parallel with this is the inhibition of salivary secretion and of sweating. Less 
frequent sequelae of parenteral administration of a single dose are blurring 
of the vision and difficulty of urination. Xerostomia was specifically noted 
in 37 of 39 individuals receiving a single injection of 0.5 to 1.0 mg. 

With oral administration of Marplan the frequency of side effeets increases 
in direet proportion to the dose; the principal side actions are xerostomia, 
mydriasis, and dysuria. 

Four patients on the 2.5 mg. dose experienced side effects sufficiently 
severe to necessitate withdrawal of the drug; it was not practical to ascertain 
whether a smaller dose would have been tolerated by these individuals. On 
the 5 mg. dose, 13 patients reported side effects requiring attention. Six ol 
these patients refused to continue with the medication, although in 3 of these 
instances it is likely that an adjustment of dosage would have resolved the 
difficulty. Disturbing side effects in 2 of the 17 people receiving 7.5 mg. four 
to five times daily were less troublesome at a lower dose, as was the case also 


in the 2 patients who developed annoying effects while receiving 10 mg. every 
3 hours. 
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TOXIC EFFECTS 

No clinical or laboratory evidence of damage to the myocardial, the blood- 
forming, or the parenchymal tissues was noted in any of the patients, 35 of 
whom received Marplan in multiple daily oral doses for 4 weeks or more with 
a total dose up to 6 Gm. 

One patient, a 65-year-old woman with cholelithiasis, developed a general- 
ized mild itching while taking 5 mg. of Marplan before meals. No skin rash 
or other objective signs were present. The itching subsided promptly on 
withdrawal of the drug. No opportunity was given to repeat this observation. 


DOSAGE 


Physiologic observations indicate that inhibition of the GI tract does 
not occur with a dose of Marplan insufficient to produce dryness of the mouth. 
From this it is inferred that the degree of xerostomia is a useful guide to 
clinical dosage. 

Almost every patient who had side effects with Marplan experienced 
xerostomia, although this was not always the principal (i.e., the most noticeable) 
side effect. In only 17 of 65 patients did the administration of more than 
) mg. per dose seem warranted. In almost all of the patients in whom the 
initial dose was 2.5 me. the dose was increased; in more than half of these 
eases the dose was maintained at the 5 mg. level. Thus, it may be coneluded 
that the average effective clinical dose of Marplan is 5 mg., the frequency 
of administration depending on the duration of side effects. In the manage- 
ment of uleer patients the bedtime dose was increased to 10 mg. Neither 
age nor body weight constitute any guide to the effective dose. 

As has already been stated, the effective parenteral dose is 0.5 to 1.0 mg. 


Only one patient complained of any distaste for the tablets. 


TOLERANCE 


In most individuals the side effects, and by inference the therapeutic 
action, of Marplan diminish with time. However, the drug has been given 
as long as 145 days without requiring an increase of the dose above 10 mg., 
or 2 tablets. In the 6 patients who received Marplan for 4 months or longer, 
it was possible to maintain effective therapeutic action within convenient 
dosage ranges. Those who tolerate Marplan ean take it in any amount necessary 
to obtain and maintain the desired response. 


DISCUSSION 

Marplan was put to a severe clinical test in this study. Thirty per cent 
of the patients to whom it was administered were chronie patrons of the 
outpatient clinie of a Veterans Administration Center; in a number of instances 
the patients had old, unhealable duodenal ulcers, and in other eases the 
factor of compensation probably interfered with a true evaluation of thera- 


peutic results. Futhermore, the criteria for clinical response were stringent 
in thet nothing short of complete, sustained disappearance of all uleer symp- 
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toms was classified as a good result. Under these conditions, the record of 
good results in 65 per cent of a series of 40 symptomatic ulcer patients 
attests to the usefulness of Marplan as an adjunct in the treatment of peptic 
uleer. 

Of the patients who had to discontinue the medication because of intolerable 
side effects, three are known to have manifested the same reaction to other 
anticholinergic drugs. One patient, who complained of insomnia soon after 
starting treatment, was able to take atropine without adverse reaction. 


SUMMARY 


1. Marplan, a new synthetic anticholinergic drug, was shown by the balloon. 
kymograph method to inhibit both spontaneous and stimulated motility at all 
levels of the gut excepting the spasm of the choledochal sphincter induced by 
Dromoran. 

2. This inhibition may be demonstrated consistently by parenteral adminis. 
tration of 0.5 to 1.0 mg. of the drug, less consistently by oral administration 
of 20 to 35 mg. in a single dose. 

3. Clinically, the drug is an effective adjunct in the management of peptic 
uleer, in an average dose of one 5 mg. tablet orally at appropriate intervals 
during the day and two tablets at bedtime. 

4. Marplan is well tolerated by patients who have no specifie intolerance 
to anticholinergic drugs generally. Troublesome side effects in oral doses at 
the therapeutic level were infrequent and with one exception occurred only 
in patients who had had similar reactions to other anticholinergic drugs. 


5. In all of the physiologic and clinical properties investigated in the 
present study, Marplan has been found to be comparable to atropine and to 
several synthetic anticholinergic preparations already on the market. While 
Marplan has no particular advantage over the latter, at the same time, on 
the basis of our experience, none is superior to it. 
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LACTIC DEHYDROGENASE ACTIVITY IN HUMAN SERUM 
H. J. ZIMMERMAN, M.D., ano H. G. WEINSTEIN, B.S. 
CrHicaco, IL. 


N ENZYME which can catalyze the conversion of lactate to pyruvate has 


been demonstrated in the serum of animals’? and humans.*~° Hill and 
his associates* * have reported consistent elevations of this enzyme in the serum 
of patients with neoplastic disease and in some pregnant women. Wroblewski 
and LaDue’® have noted elevations of lactic dehydrogenase in myocardial infare- 
tion, leukemia, and hepatitis. The present report deals with a study of the level 
of the enzyme in normal subjects and demonstrates elevations in patients with 
neoplastic, hepatic, cardiac, and the other diseases listed below. 


MATERIAL AND METHODS 


The principle of the analysis for lactic dehydrogenase (L.D.) activity is the quantita- 
tive reduction of diphosphopyridine nucleotide (DPN) by serum in the presence of lactate 
as substrate. At a pH of 10 the equilibrium favors the conversion of lactate to pyruvate. 
This is the procedure of Nielands,6 which, with some modifications, was used in the present 
study. (Hill and his associates* have determined the conversion of reduced to oxidized 
DPN performing the reaction at a pH of 7.8 where the equilibrium favors the conversion 
of pyruvate to lactate.6 When there is an excess of substrate the amount of DPN reduced 
per unit time is a measure of enzyme activity, Optimal substrate concentration was deter- 
mined as shown in Fig. 1. The pH was adjusted to 10 with a glycine buffer and the tem- 
perature maintained at 37° C. for 30 minutes. At the end of this time, the reaction was 
stopped by plunging the tubes in boiling water for exactly 3 minutes. In both normal and ab- 
normal sera the reaction proceeded in an essentially linear fashion up to 40 minutes (Fig. 2). 
The amount of DPNH, formed was read at 340 my in the Beckman DU spectrophotometer. 
Lactic dehydrogenase activity was represented by the amount of reduced DPN in a system 
containing lactate (Table I, a) minus the amount in this same system without lactate (Table 
[,b). The micromols of reduced DPN may be calculated from the measured optical density 
with use of the molar extinction coefficient for DPNH, of Horecker and Kornberg.? The 
lactic dehydrogenase level is expressed in micromols of DPNH, released per 100 ml. of 
serum, by multiplying the result by 1,000. 

For comparison with the enzyme activity of human serum, a suspension of twice- 
crystallized laetie dehydrogenase was obtained.* The mean activity of 0.1 ml. of normal 
serum was approximately equivalent to that produced by 15 meg. of this preparation. 

Samples studied in the fasting state did not differ significantly from those observed 
postprandially, Accordingly, no particular effort was made to obtain only fasting speci- 
mens, Although plasma and serum did not differ significantly in their enzyme content, 
serum was used in all determinations. Hemolysis increases the enzyme levels considerably, 


since the erythrocyte content of lactic dehydrogenase is high.2 Specimens showing any 


hemolysis were consequently discarded. 

_ From the Department of Medicine and Research Laboratories, West Side Veterans Ad- 
ministration Hospital and the Department of Medicine, University of Illinois College of Medi- 
cine, Chicago, Ill 

Received for publication March 16, 1956. 
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RESULTS 

Lactic dehydrogenase levels determined 1 or more times in 40 normal 
subjects and 203 patients with various diseases are shown in Fig. 3. In the 
normal group the highest level obtained was 250 »M and the lowest 80 »M 
per 100 ml. with a mean of 181 (S.E.+7;8.D. 445). An abnormal value was 
considered one which was greater than 2 standard deviations above the nor- 
mal mean. This upper limit for the ‘‘normal’’ range was thus considered to 
be 271 »M per 100 ml. Elevated levels were seen in some patients with neo- 
plastic, hepatic, cardiac, renal disease, and anemia, but not in the patients who 
had peptic uleer, ulcerative colitis, regional enteritis, and diabetes mellitus. 

Neoplastic Diseases—There were 30 patients with carcinoma. Elevated 
levels were observed in half of this group (Figs. 3, 4). Elevations were as 
frequent in patients with bronchogenic as with gastrointestinal carcinoma. 
The miscellaneous group ineluded carcinoma of the prostate, mouth, and 
testis. There was also one patient with a diagnosis of mesothelioma. In one 
patient with a very rapidly growing abdominal carcinoma, presumably pri- 
mary in the pancreas, the enzyme levels were several times higher than those 
found in any other patient. There was no other relationship apparent, in this 
small group of patients, between the rate of growth of tumors or the extensive- 
ness of the metastases and the serum level of the enzyme. 

The four patients with granulocytic leukemia had elevated levels at all 
times. One patient with lymphocytic leukemia also had an elevated level 
while two with this disease had normal levels. Three of the eight patients with 
a diagnosis of lymphoma had mildly elevated levels. Slight elevations were 
also seen in 1 out of 4 patients with multiple myeloma (Fig. 4). 

Hepatic Disease-——Determinations were performed in 33 patients with 
cirrhosis and in 9 with hepatitis. Elevations were noted in 11 of the patients 
with cirrhosis. All of the patients with elevated enzyme levels had bilirubin 
levels above 2 mg. per 100 ml. of serum (Fig. 5). Three of the 9 patients with 
hepatitis, studied only late in the disease, had normal enzyme levels. In 4 
of the 6 patients studied throughout the course of the disease, moderately 
elevated levels were seen (Fig. 6). These elevations occurred during the early 
phase of the disease in three, and slightly later in one. In the patient whose 
levels had not returned to normal, jaundice was also still present. The two 
patients with infectious mononucleosis, both with significantly impaired 
hepatic funetion, also had elevated enzyme levels, early in the course of the 
disease, which returned to normal with recovery (Fig. 7). In one of these two 
patients the initial levels were strikingly high. 

Anemias.—The 8 patients in this group included one patient with cirrhosis 
and megaloblastie anemia, two with sickle-cell anemia, and the others shown 
in Table II. The enzyme levels of a patient with cirrhosis and megaloblastic 
anemia are shown in Fig. 8. The cirrhosis was relatively mild with only slight 
impairment of liver funetion (Fig. 8) but was confirmed by needle biopsy. 
The megaloblastic anemia was considered to be due to nutritional deficiency 
since there seemed to be no lack of intrinsic factor as reflected by the Schilling* 
test and the presence of ‘‘free’’ hydrochloric acid in the gastrie juice. When 
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Fig. 3.—Scattergram showing the distribution of lactic dehydrogenase levels in normal subjects 


and in patients with various diseases. 
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Fig. 4.—Scattergram showing levels of lactic dehydrogenase in patients with various types 0 
neoplastic disease. 
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Fig. 5.—Seattergram showing the relationship between levels of lactic dehydrogenase and the 
serum bilirubin levels in patients with cirrhosis. 
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Serial determinations of lactic dehydrogenase in 6 patients with hepatitis. Patient 
J. W. still had jaundice at the time of the last determination. 
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Serial determinations of levels of lactic dehydrogenase in two patients with acute 
infectious mononucleosis. 
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this patient was first studied, the anemia was severe, the marrow megaloblastiec, 
and the enzyme level very high. With therapy, which included a high-protein, 
high-ecalorie diet, vitamin supplements, and vitamin B,., there was a reticulo- 
cytie response, after which there was a progressive return of the enzyme level 
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anemia and cirrhosis showing return of enzyme 


a patient with megaloblastic 
megaloblastic anemia. 


levels to normal with recovery from the 


to normal. In this patient the high enzyme levels seemed to be related to the 
megaloblastic anemia rather than to the mild cirrhosis. In two patients with 
sickle-cell anemia and in one with acquired hemolytic anemia, the levels were 
high, but in a patient with equally severe aplastic anemia and in three patients 
with severe anemia due to hemorrhage, the enzyme levels were normal 
(Table IT). 


TABLE II. Lactic DEHYDROGENASE ACTIVITY IN THE SERUM OF PATIENTS WITH ANEMIA 








L.D. 

| (MICROMOLS DPNH,/100 ML. 
eee ; 
550 
559 


PATIENT DIAGNOSIS 
J.B. Sickle-cell anemia 





515 
O. B. Sickle-cell anemia . 342 
J.B. Megaloblastic anemia (Fig. § . 750 
Pa Hemolytic anemia i. 285 
we ee Aplastic anemia a 199 
1. D. Gastrointestinal bleeding i. 255 
ite Gastrointestinal bleeding 8. 165 
R. 8. Gastrointestinal bleeding 8. 180 





Heart Failure——In 10 of the 16 patients with congestive heart failure, 
moderate elevations of the enzyme level were noted (Fig. 3). This group in- 
eluded patients with rheumatic heart disease, arteriosclerotic heart disease 
and cor pulmonale. 
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Myocardial Infarction.—Five patients with acute myocardial infarction 
were studied throughout their period in the hospital. An additional 7 pa- 
tients were studied only during their convalescence from an episode of myo- 


cardial infaretion. Elevated levels of enzyme were present during the first 
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Fig. 9.—Scattergram showing elevations of lactic dehydrogenase level during first two 
weeks after myocardial infarction (five patients) and normal levels beyond this period (twelve 
patients ). 
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Days 
Fig. 10, Serial determinations of lactic dehydrogenase levels in two patients with acute myo- 
cardial infarction showing a return to normal level by the twelfth day. 


two weeks after infarction, in all 5 patients studied during this period. In 
none of the 12 patients were there elevated levels beyond the first two weeks 
(Fig. 9). In Fig. 10 are serial lactic dehydrogenase levels in 2 patients with 
myocardial infaretion, showing a return to normal by the twelfth day. 
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Renal Disease.—(Table I11.) In 6 of the 8 patients with chronic renal dis- 

ease elevated enzyme levels were observed. All of the patients with elevated 

levels had varying degrees of renal insufficiency. The two remaining patients, 

one of whom also had an elevated plasma nonprotein-nitrogen level, showed 
normal enzyme levels. 


TABLE III. Lactic DEHYDROGENASE LEVELS IN THE SERUM OF PATIENTS WITH RENAL DISEASE 








| NPN | HGB. | L.D. 
PATIENT | DIAGNOSIS |(Ma.%)| (GM. %) 
R.G. Chronic glomerulonephritis 154 9.5 457 
(terminal ) 
J.P. Disseminated lupus erythemato- 135 11.1 446 
sus 
P.J. Nephrotic stage of chronic 62 388 
glomerulonephritis 
W.E. Malignant hypertension 124 11.2 280 
W.P. Acute azotemia, unknown 114 325 
origin 
H.R. Chronic pyelonephritis 110 10. 310 
M.M. Chronic glomerulonephritis 58 13. 216 
A.M. Chronic disseminated lupus 25 12.( 156 
erythematosus 











The concentrations in parentheses were obtained from joint “wash.” 


Miscellaneous: In patients with infections, levels were usually normal. 
Elevations were observed in 3, 2 with pneumonia and 1 with hematogenous 
tuberculosis. The miscellaneous group, which number 35, included patients 
with peptie uleer, uneomplicated diabetes mellitus, regional enteritis, ulcera- 
tive colitis, rheumatoid arthritis, and bronchiectasis. All showed normal 
levels of the enzyme. 


DISCUSSION 


The observation of elevated levels of lactic dehydrogenase in the serum 
of some patients with neoplastic diseases supports the observations of Hill 
and his associates.*** The latter, however, reported that almost all patients 
with carcinoma had elevated levels, whereas in the present study the incidence 
of abnormal levels was less, with only half of the patients with neoplastic dis- 
eases showing elevations of the enzyme. Furthermore, Hill and his eo-work- 
ers*® * stated that elevations were rare in patients with other than neoplastic 
diseases or pregnancy. It is not clear from their reports, however, whether 
patients with hepatic disease, infectious mononucleosis, myocardial infarction, 
congestive heart failure, or renal disease were studied. In a recent publica- 
tion, Wroblewski and LaDue’® reported normal levels of lactic dehydrogenase 
in ‘‘a limited selection of patients with infectious, degenerative, neoplastic. 
and other disease states.’’ They did report high levels of enzyme activity in 
the serum of patients with myocardial infarction, diabetie acidosis, leukemia. 
and hepatitis. 

The basis for the markedly elevated levels of lactic dehydrogenase, demon- 
strated in the present study, in patients with carcinoma, acute myocardial in- 


faretion, sickle-cell anemia, megaloblastic anemia, and acute infectious mono- 
nucleosis is obscure. Necrosis of tissue rich in glutamic-oxalacetie trans- 
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aminase has been considered the basis for the elevated levels of this enzyme 
in the patients with myocardial infarction or hepatie necrosis.*” '° The in- 
ereased lactic dehydrogenase level in the serum of patients with myocardial 
infarction might also be due to release from necrotic tissue, and the lesser 
elevations in hepatic disease be on the same basis. 

Release from tissue with an unusually high lactic dehydrogenase content 
may explain the elevations in patients with neoplastic diseases. Mouse tumors 
have been shown" to have a high concentration of this enzyme, perhaps re- 
lated to the increased glycolysis characteristic of neoplastic tissue.'*? Similarly, 
the increased lactic dehydrogenase activity in embryonic or other proliferat- 
ing tissues may explain the elevated serum levels in pregnancy, as reported 
by Hill and his associates*:* or in patients with infectious mononucleosis and 
megaloblastie anemia as observed in the present report. The basis for the 
moderated elevations seen in congestive heart failure and renal disease is 
unclear. 

There have been several studies on the lactic dehydrogenase activity of 
ervythrocytes.'* '* MeKee and his associates'® have reported elevated levels of 
this enzyme in monkey red blood cells, parasitized with P. knowlesi. Blanchaer 
and his eo-workers'* have found increased lactie dehydrogenase activity in 
the erythrocytes of patients with severe anemia. The possibility that the in- 
creased levels of enzyme in the serum of some of the anemie patients in the 
present study might reflect increased erythrocyte enzyme content warrants 
further study. 

Elevated serum levels of this enzyme are found in too many conditions 
to have specific diagnostic significance. The extremely high levels which 
occur in neoplastic disease, myocardial infarction, megaloblastie or sickle-cell 


anemia, and infectious mononucleosis may find clinical applicability. 


SUMMARY AND CONCLUSIONS 


The lactic dehydrogenase activity of the serum of 40 normal subjects 
and in 203 patients with various diseases was studied. Marked elevations were 
found in half of the patients with neoplastic diseases, in patients with acute 
myocardial infaretion, and in those with infectious mononucleosis. In one 
patient with megaloblastic anemia and in 2 patients with sickle-cell anemia 
similar elevations were noted. Moderate elevations were observed in _ pa- 
tients with hepatie disease and in those-with congestive heart failure as well 
as in some with renal disease. The possible mechanisms for increased serum 
levels of this enzyme are considered. 

We are grateful to Dr. Richard J. Winzler for reviewing this manuscript, to Dr. William 
R. Best for performing the “Schilling” test, and to Rose Falbo, Joan Sreboth, and Suzanne 
Munitz for technical assistance. 
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COMPLEMENT FIXATION TEST RESULTS AS AFFECTED BY 
CONTACT OF SPINAL FLUID WITH FRIABLE 
CORK MATERIAL 


Rurus L. BUCHANAN, B.S., MARTIN WoLFE, B.A., AND GEORGE M. CAMERON, 
Pu.D. 
NASHVILLE, TENN. 


INTRODUCTION 


ov following study was carried out in the Central Laboratory of the Divi- 
sion of Laboratories of the Tennessee Department of Public Health. In 
the past it has been the practice of the five branch laboratories in the Division 
of Laboratories to submit all spinal fluids for serologic tests for syphilis to the 
Central Laboratory. Therefore, many of these specimens were received in Nash- 
ville by mail from Memphis, Jackson, Chattanooga, Knoxville, and Johnson City, 
and on them the Central Laboratory routinely performed the Simplified Kolmer 
Complement Fixation Test.t. The container used in submitting these specimens 
was generally a sterile, cork-stoppered vial. When received by the Central Lab- 
oratory, the spinal fluid frequently showed a discoloration varying from 
slightly straw to deep amber. 

There is general agreement among most serologists that; for the efficient 
performance of the complement fixation test on spinal fluids, specimens must 
be clear and contain no foreign materials. Kolmer? has suggested chemical 
contamination from unclean containers as a source of technical falsely positive 
serologic reactions. Usually a straw or amber color in spinal fluids is consid- 
ered to result from the presence of blood serum or hemolyzed blood cells. In 
this experiment we have attempted to determine if this discoloration could 


not be due, in part, to the absorption of some material from the cork stoppers. 
We have also studied the subsequent effect it might have on the reactivity of the 
Kolmer Complement Fixation Test. 


MATERIALS AND METHODS 


One hundred twenty-eight corks were selected, varying in appearance from corks 
with no friable striations to corks with pronounced striations. These corks were placed in 
routine vials and sterilized in the autoclave under pressure at 121° C. for one hour. 

Specimens of spinal fluid used were those which had previously given a negative re- 
action in the routine Simplified Kolmer Complement Fixation Test and which were per- 
feetly clear, These specimens were transferred to the vials containing the selected corks. 
The vials were inverted and the spinal fluid allowed to remain in contact with the cork 


stoppers from two to five days with frequent agitation. At the end of this period the 
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specimens were centrifuged to remove any suspended or other solid matter, and the color 
was recorded. After the specimens had been centrifuged and the color recorded, in order 
that every detail of the testing procedure might conform as closely as possible to that 
used on the routine specimens, these selected specimens were placed alongside the regular 
specimens, and the Simplified Kolmer Complement Fixation Test was performed on all 
of them. 

An attempt was also made to determine which portion of the corks might be causing 
the discoloration and the resulting change in reactivity. The friable material was brushed 
from the striations in some corks. It was collected and pulverized in a mortar, and 
sterilized in the autoclave under pressure at 121° C. for one hour. Some of the cork ma- 
terial which did not contain any visible friable material was also collected and treated in 
the same manner. This material was weighed and added to clear, sterile spinal fluid which 
had previously given a negative complement fixation test. The material was added in the 
amounts of 0.5, 1.0, and 2.0 mg. per milliliter. The pulverized material was allowed to 
remain in contact with the spinal fluid for four to five days with frequent agitation. After 
the contact period, the spinal fluids were filtered and centrifuged to remove any suspended 
material. The specimens were then placed alongside the daily specimens and the Simplified 


Kolmer Complement Fixation Test was performed. 
RESULTS 
After contact with the corks, 84 of the 128 specimens were colorless or 
slightly straw colored. Of these, two gave a doubtful reaction, and the other 
82 remained negative. Of 31 specimens which were straw colored, 19 gave 
doubtful or positive reactions and the remaining 12 gave negative reactions. 
Of 13 specimens which were deeply amber in color, 12 were anticomplementary 


and the thirteenth gave a doubtful reaction. These results are presented in 
Table I. 


TABLE I. SIMPLIFIED KOLMER TEST 
RESULTS OF SPINAL FLUIDS AFTER CONTACT WITH CORKS 


APPEARANCE | COLORLESS | STRAW STRAW AMBER 
Number of specimens 65 19 31 
Negative 64 18 12 
Doubtful 1 l 7 
Positive 0 0 12 
Anticomplementary 0 0 0 





TABLE IJ. SIMPLIFIED KOLMER TEST 
RESULTS OF SPINAL FLUIDS AFTER CONTACT WITH FRIABLE AND NONFRIABLE CORK MATERIAL 





| O5me@./mMn | 1.0mG@./mM~r. | 2.0 MG./ML. 
Specimens Tested After Contact With Nonfriable Cork Material 

Number of specimens 53 53 

Negative 53 53 

Doubtful 0 0 

Positive 0 0 

Anticomplementary 0 0 


1 


Specimens Tested After Contact With Friable Cork Material 
Number of specimens 58 
Negative 5 
Doubtful 0 
Positive 32 
Anticomplementary 21 
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Of the 12 specimens which were anticomplementary, 6 of them were of 
sufficient quantity for diluting and further testing. Another Kolmer Com- 
plement Fixation Test was performed on these specimens using one-half and/or 
one-fourth amounts of spinal fluid and the regular amounts of other reagents. 
On one specimen the test was performed with use of both one-half and one- 
fourth amounts of spinal fluid. This specimen remained anticomplementary 
with one-half amount of spinal fluid but gave a doubtful reaction using one- 
fourth amount of spinal fluid. On one of the specimens the test was performed 
using only one-half the regular amount of spinal fluid. On this specimen the 
reaction changed from anticomplementary to 4+. On the remaining four anti- 
complementary specimens which were further tested, only one-fourth amounts 
of spinal fluid were used with the regular amounts of other reagents. Three 
of these specimens became doubtful in their reaction with the use of one-fourth 
amounts of spinal fluid, and one of the specimens gave a negative reaction. 

A total of 331 specimens was ineluded in the experiment using different 
amounts of the friable material brushed from the striations in cork, and using 
cork not containing any visible friable material. The test results on these 
specimens are recorded in Table II. Of these tests, 159 were performed on the 
specimens not containing any visible friable material. This included 55 tests 
for each of the concentrations of 0.5, 1.0, and 2.0 mg. per milliliter. All of 
these specimens remained negative with the simplified Kolmer test. Friable 
material from the striaticns was added to 171 of the specimens. Fifty-seven 
specimens contained friable material in the amount of 2.0 mg. per milliliter. 
All o* these specimens were amber in color and gave an anticomplementary re- 
action. Fifty-eight specimens contained friable material in the amount of 
1.0 mg. per milliliter. Of these, 21 specimens were anticomplementary, 32 
gave a positive reaction, and 5 remained negative. Fifty-seven specimens 
contained friable material in the amount of 0.5 mg. per milliliter. All of these 
\7 specimens remained negative. 


DISCUSSION 


Krom the results obtained, it is apparent that there is some substance 
within the friable portion of cork stoppers which, when left in contact with 
hegatively reacting spinal fluids, is capable of causing a false positive reaction 
when the Simplified Kolmer Complement Fixation Test for syphilis is applied 
to these spinal fluids. Whether this substance is specific for this one particu- 
lar reaction or may affect a wide range of serologic reactions remains to be 
determined by further experimentation. Although the friable material may 
be anticomplementary per se, the test reaction is frequently doubtful or posi- 
tive rather than anticomplementary. 

There was no attempt made at this time to determine if this friable cork 
material affeeted the complement fixation test only when applied to the test 
for syphilis. The complement fixation test is still a very valuable tool in the 


clinical and diagnostic laboratory for diagnosing various types of microbial 
infections, even though it is not as widely used today in the test for syphilis 
as it has been in the past. Further studies dealing with the possible effect of 
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blood serum contact with cork stoppers upon the results of complement fixa- 
tion tests could be of value in interpreting the results of such diagnostic tests 
for diseases other than syphilis, as well as for tests for syphilis. Only spinal 
fluids, and no blood sera, were used in this study. 

Studies are also indicated to determine whether this friable cork ma- 
terial might have any effect on the-results of other types of tests for syphilis. 
Although the substance might be anticomplementary per se, affecting a wide 
rariety of complement fixation tests, it could be possible that it might also 
be capable of affecting the reactivity of cardiolipin antigens used in a num- 
ber of other tests for syphilis and result in a false interpretation of the test 
results. This has not been determined. 

There are several possible means of avoiding the difficulties pointed out 
by this work. Paraffin-coated stoppers, rubber stoppers, or vials with paraffin- 
coated, lined serew caps would protect the specimen from friable cork ma- 
terial. Of course, in regard to blood specimens to be used for the TPI test, 
it is true that rubber stoppers affect this test, and for such specimens paraffin- 
coated corks present the simplest answer. 


SUMMARY 


From the results obtained in this work it appears that there is a substance 
absorbed from the friable portion of the cork stoppers which gives a discolora- 
tion to spinal fluid. The intensity of discoloration of the spinal fluid seems 
to be an index to the change expectancy in the complement fixation reaction, 
with the use of the Simplified Kolmer test. With the exception of two doubtful 
reactions, all of the specimens which were colorless or only slightly straw 
colored after contact with the cork remained negative in their reaction. How- 
ever, 61 per cent of those which were straw colored became reactive, and 100 
per cent of those which were amber colored became reactive. Moreover, the 


substanee which gives this discoloration and change in reactivity appears to 
be found in the friable material from the striations in corks. None of the 
specimens in contact with cork which did not contain friable material changed 
in reactivity. All but 5 of the 115 specimens in contact with the friable ma- 
terial in the amount of 1.0 mg. per milliliter or greater became reactive, either 


positive or anticomplementary. Induced reactivities in general were eithe! 
doubtful, positive, or anticomplementary. 
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LABORATORY METHODS 


TECHNIQUE FOR CATHETERIZATION OF THE INTERNAL 
CAROTID ARTERY 


Lapp W. Hamrick, Jr., M.D.* 
DuruHaM, N. C. 


lik study of the effects of locally injected materials on cerebral metabolism 
has been hampered by the lack of a 


simple method which permits quantita- 
tive injection into the internal carotid artery without resort to surgery. Tech- 


niques for entering the internal carotid through a needle placed in the common 
carotid artery have been described," ? but no means other than arteriography 
has been provided for being certain of successful intubation. 

In this report a simple technique for catheterization of the internal carotid 
artery and a method of being certain of the position of the 
artery are deseribed. Application of the technique 
metabolism is the subject of a separate report. 


catheter in this 
to the study of cerebral 


TECHNIQUE OF CATHETERIZATION 
Catheters 20 cm. in length were prepared from polyvinyl tubing which could be made 
to fit snugly into the lumen of a No. 18 Cournand type 


needle.t The proximal end of each 
atheter was fitted with a No. 24 hypodermic needle 


and the lumen filled with a weak solu- 
tion of heparin prior to use. With the neck slightly extended, the Cournand needle was 
laced in the common carotid artery at the level of the thyroid cartilage of 


the larynx. 
Then the « 


satheter was inserted into the lumen of the needle and pushed gently cephalad 
ntil the tip of the catheter was 8 to 10 em. beyond the tip of the needle (Fig. 1). This 


aneuver was easily performed and provoked no untoward reaction. 


In order to verify the position of the catheter in the internal carotid artery 


, advantage 
as taken of the 


fact that this vessel supplies the conjunctiva and the skin of the fore- 


ead immediately above the eye, whereas the lips, face, tongue and buccal mucosa are 


‘supplied by the external carotid artery. Therefore, the response to the injection of 0.5 to 


ml. of 1 per cent fluorescein solution into the catheter while an ultraviolet light was 


lirected on the face was used to determine which of these vessels had been catheterized. 
‘twas found that fluorescein injected into the common carotid artery produced fluorescence 
f the 


areas supplied by both vessels, but when the internal carotid alone was catheterized 
and flu 


orescein injected, only the conjunctiva and forehead fluoresced (Fig. 2). 

‘rom the Department of Medicine, Duke University School of Medicine 
This investigation was supported by the Life Insurance 
teceived for publication April 30, 1956. 
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Fig. 1.—Catheter in internal carotid artery. ‘ig. 2.—Fluorescein injection. 


RESULTS 


Thirteen catheterizations were carried out in 10 patients and in 12 instances 


the internal carotid artery was entered with ease. In each of these brilliant 
fluorescence of the ipsilateral conjunctiva and forehead occurred within 2 to 4 
seconds after fluorescein injection. Conjunctival fluorescence was most marked 
in the palpebral portion and appeared shortly before fluorescence of the fore- 
head. In no instanee in which eatheterization of the internal carotid artery 
was possible was fluorescence of the contralateral conjunctiva and forehead 
or of the ipsilateral lips, face, tongue, and buceal mucosa observed. 


SUMMARY 
1. A simple technique for catheterization of the internal carotid artery has 
been described. 
2. The response to fluorescein injection into the eatheter was used as 4 
means of being certain that the internal carotid artery had been intubated. 


[ am indebted to Drs. Eugene A. Stead, Jr., and Jack D. Myers for their help an’ 
encouragement and to Mesdames Rita Lang, Anna Bourne, and Betty Sally for techmica! 
assistance. 
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A STUDY OF THE RELATIONSHIP OF CONCENTRATIONS OF PRO- 
THROMBIN, PROCONVERTIN, AND PROACCELERIN TO THREE 
METHODS FOR MEASURING ‘*PROTHROMBIN TIME”’ 


LORRAINE M. Gonyea, M.S.,.* Perer Hsort, M.D., Aanp Paut A. OwREN, M.D. 
Oso, NORWAY 


HE results of the Quick one-stage prothrombin time depend not only upon 

prothrombin, but also upon fibrinogen (Alexander and co-workers,” * Quick 
and Hussey”’) and upon accessory factors (Alexander and co-workers,? Owen 
and associates,'” '! Owren,'® 1° Quick,'? Quick and Hussey*’) in the test plasma. 
Modifications of the one-stage technique have been devised, in order to supply 
fibrinogen and one or more of the accessory factors as reagents, in the attempt 
to assay more specifically for prothrombin (Owren and Aas"). 

The end peint of the ‘‘prothrombin time’’ reaction is the appearance of a 
fibrin clot, which results trom the action of thrombin upon fibrinogen. Fibrino- 
gen is, therefore, a limiting factor in the Quick prothrombin method, in whieh 
the test plasma is the only source of fibrinogen. Alexander and associates’ re- 
ported a progressive lengthening of the prothrombin time when the concentra- 
tion of fibrinogen was reduced below 100 mg. per cent. 

The present study is a comparison of the effect of serial dilutions of pro- 
thrombin and of the accessory factors proconvertin and proaccelerin upon three 
one-stage methods used for the measurement of prothrombin. The methods 
under investigation were the prothrombin time of Quick,’* the prothrombin- 
proconvertin method of Owren and Aas,'* and the Russell viper venom-cephalil 
prothrombin method of Hjort, Rapaport, and Owren.* Normal plasma was 
diluted with plasma containing all clotting factors except the one under study. 
This permitted an evaluation of the sensitivity of each method to variations it 
each clotting factor separately. In addition, the effect of a combined dilutio 
of prothrombin and proconvertin was investigated. Finally, the effect upd! 
the partial thromboplastin (cephalin) time of Langdell, Wagner, and Brink 
hous® of varying the concentration of proconvertin and of proaccelerin was il: 
vestigated. 

The terminology of Owren'® will be used in this paper. Proaccelerin is th 
labile plasma factor which is present in fresh or fresh-frozen plasma and whit! 
remains in the plasma after adsorption with barium sulfate, asbestos, or tli 
usual adsorbents for prothrombin. Proconvertin is the stable plasma facto 
which is adsorbed onto barium sulfate or an asbestos filter, whose activity 
inereased by contact with glass,?! and which is depressed, along with prothrot 
bin, by administration of Dicumarol and related drugs. 


From the Department of Medicine, Rikshospitalet, Oslo, Norway. 
Received for publication March 21, 1956. 
*Fulbright Student in Norway, 1955-56. 
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MATERIALS AND 





METHODS 


Normal Plasma.—Venous blood from normal subjects was mixed 9 parts to 1 with 


potassium oxalate 0.1 M and centrifuged at 2,000 to 2,500 r.p.m. for 15 to 30 minutes. The 


plasma was shaken for 5 minutes with Speedex,* 0.4 Gm. per milliliter plasma, and cen- 
trifuged at 2,500 r.p.m. for 15 to 30 minutes. 


This ‘‘activated’’ plasma was used within 
6 hours after it was drawn. 


Prothrombim-Proconvertin Deficient Plasma.—Normal oxalated plasma was stirred for 


5 minutes with barium sulfate (Baker), 100 mg. per milliliter plasma, and centrifuged at 


2,500 r.p.m. for 30 minutes. The resulting plasma, free of prothrombin and proconvertin 


but containing proaccelerin, was used within 6 hours after it was drawn. 

Prothrombin Deficient Plasma.—Proconvertin was prepared by coagulating normal 
blood with thromboplastin and allowing the serum to stand at room temperature for five days. 
The proconvertin was adsorbed from this serum onto barium sulfate and eluted with sodium 
citrate; the eluate was dialyzed for 20 hours against sodium chloride and the pH was 


adjusted to 7.4 (method of Duckert, Koller, and Matter7). The solution was stored at —20° C. 


This preparation (one-sixth the volume of the original plasma) had a proconvertin activity 
six times that of normal plasma, by the specific proconvertin assay of Aas.1 In order that 
an artificial prothrombin deficient plasma might be prepared, normal barium sulfate-adsorbed 
plasma (5 parts) was mixed with this proconvertin preparation (1 part). The resulting 
plasma, containing approximately normal concentrations of proconvertin and proaccelerin 
but deficient in prothrombin, was used within 6 hours after the blood was drawn. 


Proconvertin Deficient Plasma.—Citrated plasma (9 parts blood and 1 part sodium 
citrate dihydrate 3.13 per cent) from a patient having a congenital lack of proconvertin 
approximately normal amounts of prothrombin and 
Proconvertin content was less than 2 per cent.1 





was stored at -—20° C. It contained 
proaccelerin. 

















Proaccelerin-Deficient Plasma.—Citrated plasma from a patient having 


a congenital lack 
of proaccelerin was stored at —20° C. 


It contained approximately normal amounts of pro- 
This plasma is believed to be almost entirely free of pro- 
accelerin, since no activation with thrombin can be demonstrated. 








thrombin and proconvertin. 














Thromboplastin.—1. Acetone-dried human brain thromboplastin, prepared by the 








method of Biggs and Macfarlane,5 was used in a concentration giving a one-stage prothrombin 





time of approximately 12 seconds with normal silica-activated plasma and calcium chloride 
0.01 M. 





The activity of this thromboplastin preparation paralleled that of a rabbit brain 


preparation (Difcot) on serial dilutions of normal plasma in barium sulfate-adsorbed plasma. 














Eight hundred milligrams of the dried thromboplastin (stored at —20° C.) was ineubated 
with 100 ml. sodium chloride 0.9 per cent at 45 to 50° C. 





for 30 minutes. 
separated into small lots suitable for one day’s use and stored at —20° C. 
Was used for all estimations of the Quick time. 


This reagent was 
> 





This preparation 





9 








Saline-extracted human brain thromboplastin, prepared according to the method of 
OUwren and Aas!4 and stored at -20° C., 
proconvertin time. 








was used for estimations of the prothrombin- 














Cephalin.—This reagent was prepared according to the method of 


Hjort, Rapaport, 
and Owren.8 


Cephalin was extracted with ether from acetone-dried human brain, suspended 
in Veronal buffer, and stored at —20° C. 




















Russell Viper Venom-Cephalin——The cephalin suspersion was diluted to optimal con- 
‘entration (1:30) in Veronal buffer. 


conce 








Dried viper venom (Stypven}) was diluted to optimal 
itration (1:40,000) in this cephalin suspension. 











os 








: Dicalite filteraid : 
Corp., New York. 
Rabbit brain thromboplastin. Difco Laboratories, Detroit. 
Burroughs, Wellcome and Co., London. 





amorphous diatomaceous SiOz. Dicalite Division, Great Lakes Carbon 
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Bovine Plasma Proaccelerin Reagent.—1. For estimations of the prothrombin-procon 
vertin time, citrated ox plasma was filtered once through 20 per cent asbestos filter pads and 
once through 50 per cent asbestos filter pads (Owren and Aas!4). The plasma was stored at 
—20° C. 


2. For estimations of the viper venom-cephalin prothrombin time, oxalated ox plasma 


was filtered once through 20 per cent asbestos filter pads and then adsorbed with barium 
sulfate 75 mg. per milliliter plasma (Hjort, Rapaport, and Owren’). The plasma was stored 
at -20° C. 


Veronal Buff er.— 
Sodium diethyl barbiturate 11.75 Gm. 
Sodium chloride 14.67 Gm. 
Hydrochloric acid 0.1 N 430 ml. 
Distilled water to 2,000 ml. 


This buffer has an ionic strength of 0.154 and a pH of 


Dilution Fluids.s— 

I. Sodium citrate 3.13 per cent 200 ml. 
Sodium chloride 0.9 per cent 500 ml. 

If. Veronal buffer 200 ml. 
Sodium citrate 25.66 mM 200 ml. 
Sodium chloride 0.9 per cent 600 ml. 


Plasma mixtures were made by diluting normal fresh silica-activated plasma in each 
of the factor deficient plasmas to concentrations of 1.0, 2.5, 5.0, 7.5, 10, 20, 30, 40, 50, 60, 
70, 80, and 90 per cent. In preparing mixtures with prothrombin deficient plasma, 1 part 
of Veronal buffer was first added to 5 parts of normal plasma, in order to compensate for the 
dilution of the barium sulfate-adsorbed plasma with proconvertin reagent. The plasma 
mixtures were tested as follows: 


Quick Time.—Two-tenths milliliter acetone-dried human brain thromboplastin (8 mg. 
per milliliter) was mixed with 0.2 ml. undiluted plasma mixture and incubated at 37° C. for 
3 minutes. Then, 0.2 ml. caleium chloride 0.01 M* was added and the clotting time noted. 
All determinations were done at least in duplicate. 

Prothrombin-Proconvertin Time.—The plasma mixtures were diluted 1:10 in fluid IL 
Two-tenths milliliter saline-extracted human brain thromboplastin, 0.2 ml. ox plasma pro- 
accelerin reagent, and 0.2 ml. diluted plasma mixture were incubated at 37° C. for 3 minutes. 
The clotting time was noted after the addition of 0.2 ml. caleium chloride 0.035 M.* All 
determinations were done in duplicate. 

Russell Viper Venom-Cephalin Time.—A 1:50 dilution of the plasma mixtures was 
made by diluting 1:5 in fluid I, and again 1:10 in fluid II. Two-tenths milliliter venom 
cephalin reagent, 0.2 ml. ox plasma proaccelerin reagent, and 0.2 ml. diluted plasma mixture 
were incubated at 37° C. for 3 minutes. The clotting time was noted after the addition of 
saleium chloride 0.035M.* All determinations were done in duplicate. 

Partial Thromboplastin Time With Cephalin—Normal citrated plasma (9 parts blood 
and 1 part sodium citrate 3.13 per cent) which had been stored at -20° C. was used. This 
normal plasma, as well as the proconvertin deficient and proaccelerin deficient plasmas used 
in this experiment, was activated with silica before use. 

Two-tenths milliliter cephalin 1:50 (in Veronal buffer) was mixed with 0.2 ml. 
undiluted plasma mixture and immediately placed in a water bath at 37° C. Exactly 6 
minutes later, 0.2 ml. calcium chloride 0.02M* was added and the clotting time noted. All 
determinations were done in duplicate. 


*The optimal concentration of calcium as determined for this technique. 
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Fig. 1—A, Quick method. Relationship of clotting times to concentrations of prothrom- 
bin ( ——) and of prothrombin and _ proconvertin ). Varying concentrations of 
vrothrombin were obtained by diluting normal plasma in prothrombin deficient plasma. 
‘atying concentrations of prothrombin-proconvertin were obtained by diluting normal plasma 
Nn prothrombin-proconvertin deficient plasma. 

— per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times 
$8 lollows: 


eretmrowhin deGclest ee seconds. 
Prothrombin-proconvertin deficient not clotted in 19 hours. 
, B, Quick method. Relationship of clotting times to concentrations of normal plasma 
liluted in proaccelerin deficient , and proconvertin deficient (————) plasmas. 
s ro per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times 
‘4S follows: 
Proaccelerin deficient . 100 seconds. 
Proconvertin deficient 73 seconds. 
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RESULTS 
The prothrombin-proconvertin estimations’ and the viper venom-cephalin 
estimations® were carried out as described in the original methods and as they 
are done in the routine laboratory. The Quick prothrombin estimation was 
done according to the method of Quick'® as closely as was practicable in our 
laboratory. In order to obtain maximum activity of the proconvertin, and in 
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; Fig. 2.—Prothrombin-proconvertin method. Relationship of clotting times to concentra- 
tions of normal plasma diluted in prothrombin deficient (————), prothrombin-proconvertin 
deficient (X —X), proaccelerin deficient ( ), and proconvertin deficient (X---X) plasmas. 
Zero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times 
as follows: 
Prothrombin deficient .8 seconds. 
Prothrombin-proconvertin deficient ; seconds. 
Proaccelerin deficient 


seconds. 
Proconvertin deficient 


seconds. 

a simple way eliminate variations in proconvertin activity due to exposure 10 
glass, the normal plasma and the proaccelerin deficient plasma were activated 
with silica. In the case of the partial thromboplastin time, the proconvertin 
deficient plasma was also activated with silica, in order to eliminate similar 
variations in the activity of antihemophilia B factor. By using as diluent @ 
plasma in which only the factors. under investigation were absent or had 
been removed, fibrinogen and all other factors were maintained at approximately 
normal levels. 
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1. The Quick method (Fig. 1, A and B) reflected decreases in the amounts 
of prothrombin, proconvertin, and proaccelerin to a roughly parallel degree. 
With a reduction of any one of these factors from 100 per cent of normal to 
40 per cent, no change greater than 2.5 seconds occurred in the clotting times. 
The method was, therefore, practically insensitive in this range of concentra- 
tions. When both prothrombin and proconvertin were varied in the same mix- 
ture, the method was again sensitive only between 0 and 40 per cent. In eon- 
centrations of these two factors lower than 5 per cent, longer clotting times were 
observed than with deficiencies of prothrombin, proconvertin, or proaccelerin 
alone. 





MBIN 
500 PROTHRO waieaaiae 


PROTHROMBIN-PROCONVERTIN x—~= 
PROACCELERIN «-— — 


PROCONVERTIN *-— —* 


_ -t= 
—=f{> he 


~~ — am mb ates 


~~ oo 








2 10 50 100 
% NORMAL PLASMA 


Fig. 3.—Russell viper venom-cephalin method. Relationship of clotting times to con- 
centrations of normal plasma diluted in prothrombin deficient (————), prothrombin-procon- 
vertin deficient (X———X), proaccelerin deficient and proconvertin deficient (X---X) 
plasmas. 

Zero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times 
as follows: 

Prothrombin deficient 409 seconds. 
Prothrombin-proconvertin deficient 573 seconds. 
E POMCOCROE MD COON i ii eiicimcwcwadanenanumedann Se eee 
Proconvertin deficient 24.8 seconds. 


2. The prothrombin-proconvertin method (Fig. 2) was not affected by 
variations in the concentration of proaccelerin, which is supplied in the ox 
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plasma reagent. Decreasing the amount of proconvertin resulted in a steady 


prolongation of the clotting times. Reductions in prothrombin produced a 
similar, although markedly lesser, effect. As with the Quick method, the most 
marked effect was seen when both prothrombin and proconvertin were reduced 
simultaneously. The range of sensitivity to both prothrombin and proconvertin 
is between the extremes of 0 and 100 per cent. 

3. The Russell viper venom-cephalin method (Fig. 3) was not influenced by 
variations in either proconvertin or proaeccelerin. The curves obtained with 
varied prothrombin and with varied prothrombin plus proconvertin concen- 
trations were similar in shape and height; the slight differences can be 
accounted for in part by the dilution of prothrombin deficient plasma (5 parts) 
with proconvertin reagent and buffer (1 part). The range of sensitivity for 
prothrombin is between 0 and 100 per cent. 
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Fig. 4.—Partial thromboplastin (cephalin) time. telationship of clotting times to con- 
centrations of normal plasma diluted in proaccelerin deficient ) and proconvertin deficient 
(— ) plasmas. 

Zero per cent normal plasma (100 per cent factor-deficient plasma) gave clotting times 
as follows: 


Proaccelerin deficient 149.6 seconds. 
Proconvertin deficient 49.8 seconds. 


4. The partial thromboplastin (cephalin) time is used primarily to evalu- 
ate another phase of coagulation, the formation of ‘‘ plasma thromboplastin.” 
The effect upon this test of varying the concentrations of proaccelerin and of 
proconvertin was determined. Normal citrated plasma which had been stored 
at -20° C. was used in this experiment, in order to compare in this regard with 
the proaccelerin deficient and proconvertin deficient plasmas, both of which had 
also been stored at —20° C. (marked differences in the results of the partial 
thromboplastin time were found between normal fresh and normal stored 
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plasmas). The results (Fig. 4) indicated that the proaccelerin concentration 
could be lowered to about 30 per cent before the clotting time was prolonged. 
Below 30 per cent, a decreased proaccelerin concentration resulted in a steady 
prolongation of the clotting time. Variations in the concentration of pro- 
convertin had no measurable influence upon the partial thromboplastin time. 


DISCUSSION 

Our purpose in this study has not been to determine the suitability of one 
method over others for the measurements of prothrombin conversion or pro- 
thrombin concentration, but rather to emphasize the specificities and limitations 
of methods used in clinical practice. Comparisons between methods have been 
made by others (Owen and Bollman,'! Soulier and Larrieu??) in order to 
analvze suitability or specificity. 

The **prothrombin time’’ can be defined as the interval of time necessary 
for prothrombin, in the presence of accessory factors and an excess of throm- 
hoplastin and ealeium, to form thrombin, and for thrombin then to convert 
fibrinogen to fibrin. Factors other than prothrombin, proaccelerin, and pro- 
convertin have not been considered here, although it is possible that other 
factors, accelerators, and/or inhibitors, might be concerned. 

The reagents used for the Quick method are thromboplastin and calcium 
chloride; all other factors involved in and necessary for the conversion of 
prothrombin to thrombin and of fibrinogen to fibrin must be supplied by the 
test plasma. Therefore, the results of the Quick time represent a summation of 
their concentration and activity. In the prothrombin-proconvertin method of 
Owren, an adsorbed ox plasma reagent is used which supplies fibrinogen and 
proaceelerin, and the result is presumably a measure of the levels in the test 
plasma of prothrombin and proconvertin. In the Russell viper venom-cephalin 
method, fibrinogen and proaccelerin are supplied in an adsorbed ox plasma 
reagent, and the venom-cephalin reagent presumably circumvents the action of 
proconvertin and the thromboplastin components; therefore, insofar as the 
known factors are concerned, this method is a measure of prothrombin alone. 
These suppositions are supported by our experiments. 

These experiments also indicate that considerable error may be introduced 
in preparing dilution curves without controlling the accessory factors. Figs. 
1, A and B, and 2 show the greater effect upon the Quick and the prothrombin- 
proconvertin times of a combined deficiency of prothrombin and proconvertin 
over a deficiency of either factor alone. This summation effect is not seen with 
the viper venom-cephalin method (Fig. 3), which is not sensitive to a deficiency 
of proeonvertin. 

The aetual clotting of normal blood oceurs after only a fraction of the 
content of prothrombin has been converted to thrombin (Quick and Favre- 
(illv'®). Therefore, the speed of prothrombin conversion is of greater sig- 
hificanee in the process of hemostasis than the concentration of prothrombin. 
The determining variable in the Quick prothrombin time is the rate of pro- 
thrombin eonversion (Owen and Bollman''), except in the case of extreme 


deficiencies of prothrombin. The method has value as a basie test. For a 
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quantitative assay of a defect in prothrombin conversion or concentration, how- 
ever, other methods are superior. The different specificities of the three methods 
considered here provide a tool for differentiation of coagulation defects caused 
by deficiencies in prothrombin, proconvertin, and proaccelerin. 

The sensitivity of any given method, as well as its specificity, contributes to 
its suitability for clinical use. Dicumaro] and related anticoagulants depress 
the concentration of both prothrombin and proconvertin. The Quick method 
and the prothrombin-proconvertin method will reflect this depression, but the 
Russell viper venom-cephalin method is insensitive to reductions in procony ertin 
and should not be used in following anticoagulant therapy. The more sensitive 
methods for prothrombin determination should be preferred over the Quick 
method when subclinical states of hypoprothrombinemia are in question. Biggs 
and: Douglas® reported a patient having an uncomplicated prothrombin defi- 
ciency, in whom a prothrombin concentration of about 11 per cent (two-stage 
method) gave a Quick time of 18 to 22 seconds (normal 14 seconds). This is 
in agreement with our experiments (Fig. 1, A in which a prothrombin con- 
centration of approximately 11 per cent gave a Quick time of 16 seconds (100 
per cent — 11 seconds). 


The partial thromboplastin test with cephaline measures a number of 
reactions: the formation of plasma thromboplastin, the conversion of prothrom- 
bin to thrombin, and the conversion of fibrinogen to fibrin. The data presented 
here are incomplete with regard to the factors affecting the cephalin time. 


Nonetheless, it is demonstrated that proconvertin is not essential to the reactions 
measured by the cephalin time, and thus it is suggested that plasma thrombo- 
plastin generation is independent of this factor. This is in agreement with the 
observation that the thromboplastin generation test is normal in patients having 
a congenital deficiency of proconvertin (Bergsagel*). 


SUMMARY AND CONCLUSIONS 


1. Three one-stage methods for measuring the ‘‘prothrombin time’’ (Quick 
method, prothrombin-proconvertin method, and Russell viper venom-cephalin 
method) were investigated with the use of serial dilutions of prothrombin, pro- 
accelerin, and proconvertin. 

2. The Quick method was similarly sensitive to variations in each of the 
three factors. At concentrations above approximately 40 per cent, no significant 
difference from 100 per cent could be detected for any of the deficiencies studied. 

3. The prothrombin-proconvertin method of Owren was insensitive to 
variations in proaccelerin. A marked effect was exhibited when both prothrom- 
bin and proconvertin were deficient, and a definite but relatively lesser effect 
was seen when either prothrombin or proconvertin was deficient. There was 
a gradual shortening of the clotting time with increasing concentrations, which 
persisted to a concentration of 100 per cent. 

4. The Russell viper venom-cephalin method was insensitive to variations 
in proaccelerin and proconvertin. A combined deficiency of prothrombin and 
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proconvertin was similar to a deficiency of prothrombin alone. There was a 
oyadual shortening of the clotting time with increasing concentrations of 
prothrombin, which persisted to a concentration of 100 per cent. 


5. The partial thromboplastin time with cephaline was prolonged when the 


concentration of proaccelerin was lower than 30 per cent, but the results were 
not influenced by a deficiency of proconvertin. This finding suggests that 
proconvertin may not be involved in the formation of the final prothrombin 
conversion principle from blood (‘‘plasma thromboplastin’’), whereas procon- 
vertin is essential for the formation of this principle from tissue thromboplastin. 
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A METHOD FOR ELUTING ANTIBODIES FROM RED CELL STROMATA 
Tipor J. GREENWALT, M.D. 
MILWAUKEE, WIs. 
XISTING methods for eluting antibodies from erythrocytes fall into two 
categories. Those utilizing washed, intact erythrocytes are based on the 


original procedure described by Landsteiner’ and employ heat to elute the 


antibodies into saline or albumin solutions. Such preparations are always 


grossly contaminated with hemoglobin. The other procedures require steps 
of varying complexity to separate the stromata of the red blood cells and ex- 
tract the antibodies by heating or an adjustment of pHI.** Relatively large 
volumes of blood are needed for the stroma techniques. The method which is 
being reported utilizes small volumes of blood and produces hemoglobin-free 
eluates. 

MATERIALS AND METHOD 


Seven-tenths to 1.0 ml. of packed red cells obtained from oxalated or clotted specimens 
are washed 5 times in cold 0.85 per cent saline. The washed erythrocytes are suspended 
in 5 volumes of cold 0.25 per cent formalin5 and kept at 4° C. for 1 hour. After 
centrifugation the supernatant is replaced by 5 volumes of cold distilled water and 
one-half volume of toluene.6 The test tube is stoppered and agitated vigorously on a 
horizontal shaker for one-half hour in the cold. The stromata are separated by filtering 
three times through a funnel which has been lined with a thin layer of glass wool 
previously wetted with saline. The layer of stromata concentrated in the cone of the 
filter is washed with cold saline until the washings show no visible trace of hemoglobin. 
The resulting preparation is light pink. The wet glass wool is folded so that the stroma 
material is inside, and blotted gently. The cone containing the stromata is cut off 
and pushed into the bottom of a test tube with a wooden applicator stick. A volume 
of 8.0 per cent bovine albumin in saline, or 0.85 per cent saline equal to that of the 
original packed red blood cells is pipetted into the tube. The tube is placed in a wate! 
bath at 56° C. for 10 minutes. The contents are mixed intermittently with the wooden 
applicator. The eluent is aspirated through the glass wool with a pipette while the test 
tube remains in the water bath, and is then transferred to a second warm tube. The 
eluate is clarified by centrifugation at high speed for one minute in a heated centrifuge 
cup and decanted into another tube. It may be stored at —20° C. or tested at once. The 
saline preparations are usually crystal clear but may have a yellow cast if the stroma 
has not been thoroughly washed. The eluates in bovine albumin are usually more satisfactory 
in appearance and activity. In some preparations droplets of toluene collect in a layer 
at the surface but have not been found to interfere with subsequent studies. 


From the Milwaukee Blood Center, Milwaukee, Wis. 
Received for publication May 25, 1956. 
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plone * ELUTING ANTIBODIES FROM RED CELL STROMATA 
RESULTS 

Representative experiments with the varieties of antibodies studied are out- 
lined in Table I. The specificity of each reaction was established by use of 
suitable control erythroeyte suspensions lacking the corresponding antigen. 

The effect of varying pH, temperature, time intervals, and the composition 
of the eluent was studied. The mixture may be stored overnight at 4° C. after 
the addition of the formaldehyde-saline solution or after shaking with toluene 
and distilled water without affecting the results. 

Kluates prepared from aliquots of several specimens by the technique of 
Kidd? gave weak reactions in the undiluted state only. 


TABLE I. RESULTS OF STROMA ELUTION EXPERIMENTS COMPARED WITH PARALLEL 
LANDSTEINER ELUATES 


DIRECT I a is TITERS _ 








COOMBS LAND- 
REACTION LAND- STEINER | STROMA 
SOURCE £2." OF STEINER ELUATE IN | STROMA | ELUATE IN 
OF TITER IN ERYTHRO- ELUATE IN | 8% | ELUATE IN 8% 
SPECIMEN ANTIBODIES SERUM CYTES SALINE ALBUMIN | SALINE ALBUMIN 


blood Anti-D 1:32 4+ 1:8 1:32 1:16 1:32 
blood Anti-D 44 1:8 sii —— 1:128 


blood Anti-D ; ] — 1:128 
. Anti-C : = 1:4 


blood Anti-A, 7312] 1+ :16 216 mane :16 


, 1 mil. serum 
absorbed 
with 1 ml. 
packed O 
CDe/ceDE, 
Fy (a+) 
R.B.C., 


then eluted 


Anti-E 


Anti-Fya 256 


| 
Anti-¢ 2 
| 
| 


Warm auto 
immune 


Cold auto- 
immune 1:2,048§ 


Indirect Coombs. 

Titer in maternal serum. 

tMaternal titer in AB serum. 

sTiter in 20 per cent albumin overnight at 4° C. 


SUMMARY AND CONCLUSIONS 


A simplified method is presented for eluting antibodies from the stromata 
of erythrocytes. The eluates equal or surpass the classical Landsteiner prep- 
drations in potency. They have the added advantage of being grossly free of 
heme pigmentation and therefore are expected to be more suitable for electro- 
phoretie and immunochemical studies. 

The technical assistance of Valborg Elizabeth Ayers and Thomas Sasaki is gratefully 
acknow ledged. 

[ am indebted to Anthony V. Pisciotta, M.D., for the blood specimens from patients 
With autoimmune hemolytic anemia and for preparing the Kidd eluates. 
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INTERACTIONS OF CHONDROITIN SULFATE AND COLD-PRE- 
CIPITABLE PLASMA GLOBULINS IN INFLAMMATORY 
DISEASES INCLUDING RHEUMATOID ARTHRITIS 


GRACE P. Kersy, M.D. 
DurHaM, N. C. 


INTRODUCTION 


HE cold-precipitable globulins of human plasma are of increasing interest 
is the field of rheumatic diseases since the observation of Thomas, Smith, 
and Von Korff! that cold-precipitable protein material is present in heparin- 
ized human blood and is increased in patients with acute rheumatic fever. The 
present study is coneerned with the demonstration of cold-precipitable 
globulins in human oxalated plasma. The quantitative relationship of cold- 
precipitable globulins to the remainder of the globulin fraction was observed 
to differ in plasma from normal human subjects as compared to patients with 
either rheumatoid arthritis or comparable inflammatory processes of other 
types. 

METHODS 

Subjects were divided into groups as follows: In Group 1 were laboratory personnel 
and patients without clinical evidence of inflammatory disease, with negative tests for C- 
reactive protein. In Group 2 were patients with obvious rheumatoid arthritis in various 
stages of activity. In Group 3 were patients with strongly positive C-reactive protein tests 


due to active inflammatory processes not associated with rheumatic, hematologic, primary 


metabolic, or joint disease. Blood was obtained by venipuncture without use of a non- 
wetting system and was distributed in 5 ml. amounts with mixing to 13 x 100 mm. tubes 
each containing 5 mg. potassium oxalate and 7.5 mg. ammonium oxalate (reagent, Merck). 
The fresh oxalated plasma was then distributed in 1.5 to 2.0 ml. amounts to each of four 
round-bottomed 50 ml. glass centrifuge tubes. To alternate tubes was added an equal 
volume of physiologic saline or chondroitin sulfate* (1 mg. per milliliter of saline). After 
10 minutes of incubation at 37° C., euglobulins were precipitated in each tube by the 
method of Neurath and co-workers,2 by the addition of 9 volumes of freshly prepared 
0027 N HCl+ Six fractions were then derived from the four tubes as follows (and as 
schematically shown in Fig. 1): One set of saline and chondroitin sulfate tubes was 
refrigerated in an ice bath at 4° C. overnight for a combined euglobulin-cold-precipitable 
globulin (ECG) fraction. The other set was incubated at 37° C. for one hour and then 
centrifuged at 2,000 r.p.m. in an International No. 1 centrifuge at room temperature for 
1) minutes. The supernate was decanted to fresh centrifuge tubes which were placed 
in an ice bath at 4° C. overnight for a cold-precipitable (CG) fraction. The euglobulin 
From the Department of Medicine, Duke University School of Medicine, Durham, N. C. 
This work was supported by grants from the National Institute of Arthritis and Meta- 
bolic Diseases of the National Institutes of Health, U.S. Public Health Service; the American 
Heart Association; the Duke University Research Council; and Baxter Laboratories. 
teceived for publication April 30, 1956. 
General Biochemicals, Inc. 

This was added slowly with layering and gentle agitation as necessary to yield maximal 
clouding. Demineralized distilled water was used through the study for all aqueous solutions. 
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(EG) centrifuged sediment remaining in the tubes was washed carefully one time without 
stirring with cold pH 5.8 M/150 citrate phosphate buffer, was drained, and then taken up 
in Veronal buffer (0.1 ml. of 0.12 M pH 8.6 buffer per 1 ml. original plasma volume) and 
saline to original plasma volume. The remaining four fractions, after overnight refrigera- 
tion, were similarly washed, drained, and taken up to original plasma volume following 
centrifugation at 1,800 r.p.m. in an International PR-2 Refrigerated centrifuge at 5° C. for 
10 minutes. Biuret determinations were done on each specimen by the method of Jayle, 
Boussier, and Badin,’ with use of normal human serum albumin (Squibb) as a standard. 





Tube 1 Tube 2 Tube 3 Tube 4 








Plasma Plasma Plasma Plasma 
+ ~ + os 
saline ChS* saline ChsS 
a ae 
Refrigerated overnight. Incubated 37° C. 1 hr. Tube 5 Tube 6 
Centrifuged at 5° C. Centrifuged at r.t. 
Supernate discarded. Supernate > from from 
Sediment up in saline. Sediment up in saline. Tube 3 Tube 4 
| | 
| 
ECG* ECG EG* EG Refrigerated overnight. 
(saline) (ChS) (saline) (ChS) Centrifuged at 5° C. 
Supernate discarded. 
Sediment up in saline. 
Ee 























CG* CG 


(saline ) (ChS) 





*ChS = Chondroitin sulfate. 

ECG = Combined euglobulins and cold precipitable globulins. 
EG = Euglobulins. 

CG = Cold precipitable globulins. 


Fig. 1.—Fractionation of human plasma. 


RESULTS 


Table I and Fig. 2 summarize the experimental data. The fractions obtained 
from the plasma of patients with rheumatoid arthritis did not differ from those 
of patients with other types of inflammatory disease. Both of the inflammatory 
groups differed from the normal group in several respects. All fractions were 
larger in the two inflammatory groups than in the controls. When chondroitin 


TABLE I. GLOBULIN FRACTIONS FRoM HUMAN OXALATED PLASMA 





SUBJECTS (NO. OF FRACTIONS FROM PLASMA WITH FRACTIONS FROM PLASMA WITH 
INDIVIDUALS IN ADDED SALINE* ADDED CHONDROITIN SULFATE" _ 
EACH GROUP) EG t ) | ECG EG | CG | ECG 

Group 1. No inflamma- 149 92 371 301 138 

tion (23) +39 +15: + 69 +100 +59 











Group 2. Rheumatoid 219 235 608 664 149 
arthritis (24) +70 + § +130 + 91 +59 


Group 3. Other inflam- 188 275 619 685 104 
matory processes (21) +50 5: +164 +164 +39 





*Biuret-positive material recovered per 100 ml. of plasma, expressed in equivalent milli- 
grams of human serum albumin, +1S.D. 


7EG = Euglobulin. CG = Cold precipitable globulin. ECG = combined euglobulin and 
cold precipitable globulin. 
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sulfate was added in vitro to the plasma, increases were noted in the size of the 
euglobulin fractions recovered subsequently, and the increase was greater in the 
inflammatory groups than in the controls. The cold-precipitable fraction was 


GROUP | GROUP 2 GROUP_3 
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. EG CG ‘ECG EG" GG ‘ECG’ EG" ce ECG 
(A)"FRACTIONS DERIVED FROM HUMAN PLASMA & SALINE . 


(B)*CORRESPONDING FRACTIONS DERIVED FROM HUMAN PLASMA 
& CHONDROITIN SULFATE. 
1G = Euglobulin. 
‘G = Cold precipitable globulin. 
1CG = Combined euglobulin and cold precipitable globulin. 


Fig. 2.—Globulin fractions from human oxalated plasma. 


Similarly inereased, slightly, in the control group but was decreased in amount 
In the two inflammatory groups following the in vitro addition of chondroitin 
sulfate to the plasma. 
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DISCUSSION 


Badin, Schubert, and Vouras* have called attention to the presence of in- 
creased amounts of a polysaccharide-containing euglobulin fraction in the plasma 
of patients with rheumatoid arthritis. Badin and Schubert® noted further that 
when chondroitin sulfate was added to normal plasma, increased amounts of the 
polysaccharide-containing euglobulin fraction were recoverable from the plasma. 
It is believed that the plasma fraction with which these investigators dealt is that 
which is referred to in the present study as the combined euglobulin-cold-pre- 
cipitable globulin (ECG) fraction. If so, it is apparent that the increases noted 
in rheumatoid arthritis are present also in unrelated inflammatory processes. Of 
particular interest was the usual presence in human plasma of additional biuret- 
positive material which became precipitable with euglobulins when additional 
chondroitin sulfate was added to the plasma. The additional precipitable 
material which became demonstrable under such circumstances was present in 
larger amounts in the plasma of patients with rheumatoid arthritis and other 
inflammatory disease than in normal human plasma. It is to be emphasized 
that its demonstrability by biuret test does not establish its character as a protein 
rather than a polypeptide. 

The cold-precipitable fraction demonstrated in all human plasma tested in 
the present study appeared to resemble in some respects the cold insoluble 
globulin recently discussed by Edsall, Gilbert, and Scheraga.® It dissolved 
readily at room temperature and could be reprecipitated at 4° C. By paper 
electrophoresis, its migration resembled that of fibrinogen. Unlike the cold- 
precipitable substance of Thomas, Smith, and Von Korff,’ heparin was not 
required for its demonstration, and it was precipitated at acid rather than 
neutral pH. Although the material was present in greater amount in the 
plasma of patients with inflammatory disease, including rheumatoid arthritis, 
it seems evident, as noted by Edsall and co-workers,® that cold-precipitable 
globulins are not limited to pathologic plasmas. 

A reversal of the usual augmenting effect of added chondroitin sulfate on 
the amount of cold precipitable globulin recovered was observed in most in- 
stances when inflammatory plasma was used, in contrast to normal plasma. 
This may reflect an alteration in the material which would have precipitated in 
the cold such that it precipitated instead in the euglobulin fraction at 37° C. 
If so, knowledge of the nature of the alteration would be informative in terms 
of understanding at least one of the factors involved in causing cold-precipita- 
bility of the material. It would be of particular interest in that a similar 
phenomenon was not observed in the fractions obtained from normal plasma. 

Further studies on the plasma components entering into the fractions and 
on the factors affecting them are in progress. 


SUMMARY 


1. Cold-precipitable globulins were recoverable at acid pH from normal 
human oxalated plasma and were demonstrable in increased amounts in plasma 
from patients with rheumatoid arthritis and other inflammatory diseases. 
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2. When chondroitin sulfate was added in vitro to plasma, the cold-pre- 
cipitable globulins recoverable were usually decreased in amount in plasma from 
patients with rheumatoid arthritis and other inflammatory diseases, in contrast 
to normal plasma. 


3. Material precipitable in the euglobulin fraction of human plasma was 
increased in amount by the addition of chondroitin sulfate to the plasma in 
vitro. Both the original amount of material precipitable and the increased 
amount precipitable after the addition of chondroitin sulfate were greater in the 
oxalated plasma of patients with rheumatoid arthritis and other inflammatory 
diseases than in the plasma of subjects with no inflammatory process. 


The technical assistance of Mrs. Nancy Langlé@y is gratefully acknowledged. 
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A SIMPLIFIED AGAR ELECTROPHORETIC METHOD FOR USE IN 
ANTIGEN SEPARATION AND SEROLOGIC ANALYSIS 


ALFRED J. CROWLE, PH.D.* 
STANFORD, CALIF. 


INTRODUCTION 


ONE electrophoresis has enormous utility as an investigative technique in 

biochemistry. Utilization of agar in place of paper as the supporting 
medium for materials to be electrophoretically separated makes possible 
subsequent serologic analysis and thereby greatly extends the analytic 
potentialities.“> Electrophoresis and succeeding serologic testing of separated 
constituents facilitates the hitherto intricate problem of identifying the serum 
fraction containing antibodies against a given antigen. On the other hand 
the method is sensitive enough to enable the detection of at least 16 sero- 
logically and electrophoretically distinct human serum antigens.’ It re- 
quires little experience or specialized knowledge and no unusual equipment. 
We have had occasion to employ the procedure in studies on tuberculosis, and 
have introduced modifications to make it simpler, more rapid, and more 
versatile. 


MATERIALS AND METHODS 


Two hard plastic refrigerator jars, plastic sponges, glass tubing, and two platinum 
electrodes are arranged as shown in Fig. 1. During electrophoresis the electrodes are 
connected, through insulated wires, to an adequate direct current power supply. Near 
one end of each plastic vessel is a large sponge serving as a baffle and at the other end 4 
smaller strip of sponge parallel to the first and acting as a wick connecting the tubes to 
buffer solution. The first sponge divides the vessel into two compartments, the smaller 
one containing an electrode. This sponge prevents pH changes in the larger compartment 
by impeding convection of ions resulting from the unavoidable electrolytic activity of the 
electrodes. The smaller sponge, which is saturated with buffer, is retained half immersed 
in and half above the buffer by a plastic bar extending across the other end of the 
vessel behind the sponge. In use, the vessels are placed so that these smaller sponges face 
each other, and then tubes containing samples in solidified agar are inserted between the 
sponges so that each exerts a small amount of localized pressure on both sponges and 
makes good electrical contact. As many as a dozen tubes of 3 mm. internal diamete! 
may be employed at one time, and one or more may be wedged into place or withdrawn 
at any time without interrupting the flow of electric current through the others. Insu- 
lated forceps or similar instruments must be employed to preclude body contact with the 
current-carrying sponges. 


From the Department of Medical Microbiology, Stanford University School of Medicine, 
Stanford, Calif. 


This investigation was carried out during the author’s tenure of a Fellowship in_Tu- 
berculosis administered for the National Tuberculosis Association by the National Academy 
of Sciences—National Research Council. 


Received for publication April 16, 1956. 


*Present address: Colorado Foundation for Research in Tuberculosis, 4200 East 9th Ave. 
Denver 20, Colo. 
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Glass tubing is cut in 7 em. lengths, dipped into a 0.5 per cent ethylene dichloride 
solution of the water-repellent plastic Vinylite,1* and dried in an oven at 37° C. Then the 


Fig. 1.—The simplified agar electrophoresis apparatus. Six tubes of 3 mm. internal diameter 
are in place. Each electrode is connected by an insulated wire to the power supply. 


F Fig. 2.—From top to bottom: human serum, guinea-pig serum, and rabbit serum frac- 
Uonated electrophoretically within agar cylinders. The individual globulins, albumin (A), 
and the origins (O) are designated by lines drawn between the cylinders for comparative 
Purposes. Experimental data:  barbitai buffer of pH 8.2, ionic strength 0.05: 80 volts applied 
it 4° C. for 1.25 hours; light green SF stain. (Total magnification: 3 diameters. ) 

tubes are placed upright in modeling clay which serves both to hold and stopper them. 
Une pr 


r cent melted agar, prepared in an appropriate buffer and cooled to about 60° Gi, 
is injected into each tube to the height of from 3 to 4 em. Shortly after this agar layer 
PY ‘inylite, designation VYHH, is a viny 


1 chloride-acetate kindly supplied by the Bakelite 
East 42 Street, New York 17, N. Y. 
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has solidified, it is overlaid with a second layer of one per cent agar containing the d 
sample to be separated. A sample of from 5 to 25 ul is a satisfactory quantity for this p 
layer in 3 mm. tubes. A third layer of plain agar is immediately superimposed on the 
second. Rapid sequence of operations in pouring the agar layers is necessary to minimize b 
fragility of the resulting agar cylinders at points where layers join each other. When the st 
agar has solidified, the tubes are inverted and the shallow depressions (i.e., impressions pe 
made by the modeling clay) are filled with more agar containing a dye to gage the relative cy 
electromigration as it occurs. We have found 0.006 per cent Orange G satisfactory for — 0 
this purpose. The agar cylinders in their respective glass tubes may be subjected to 
direct current as soon as this last layer is solid. 
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Fig. 3.—Petri dish A contains light green SF-stained agar cylinders in which sera hav coh 

been electrophoretically fractionated. B is a glass tube containing a nearly transparent, un- al 
stained agar cylinder, C, which has been partially ejected from the tube by a glass rod, D 

Petri dish EF shows the arrangement employed for an agar-diffusion precipitin test in which aga 

antiserum is placed in trough F lying between two imbedded agar cylinders in which tu- vol 

berculoprotein has been fractionated. The cylinder to the right of the trough is indicated (G@) ol 

In the inset, F and G are magnified and photographed by transmitted light to show precipitin late 
lines, the apexes of which indicate four electrophoretically distinct antigenic fractions 4s 

marked by arrows. was 
For electrophoretic separation the apparatus is placed in a refrigerator at 4° © 
This minimizes diffusion of the sample in the agar and provides control over the temper 

ture at which the experiment is run. Direct current is supplied through insulated wires telr 

leading out of the refrigerator to the external power supply. Precautions are taken 1 are 

prevent contact between any current-carrying components and parts of the refrigerator nize 

After an appropriate period (Fig. 2) the tube is removed from the apparatus. The ing 


agar cylinder is gently pushed from its glass container with a solid glass rod and the tube alp] 





4° 

! pera 

wires 

en 10 

rator. 
The 

tube 


‘ mee "1 SIMPLIFIED AGAR ELECTROPHORETIC METHOD 645 


discarded. The cylinder may be pushed into a staining solution, into a trough in an agar 
plate previously prepared for subsequent serologic analysis, or otherwise handled (Fig. 3). 
Protein fractions are detected easily with dyes such as bromphenol blue, buffalo 
black NBR, or light green SF, made up in solutions containing a protein denaturing agent 
such as mercuric chloride. One per cent light green SF in an aqueous solution of one 
and acetic acid will stain serum proteins in a 3 mm. agar 
The agar is destained with facility in successive baths of 


per cent mercuric chloride 
eylinder within 15 minutes. 
one per cent acetic acid. 


For serologic analysis the cylinders are tamped into shallow preformed troughs in 


one per cent agar, made up either in saline or in the buffer utilized for electrophoresis and 
including Merthiolate at a final concentration of 0.01 per cent, and then covered by addi- 
tional agar. The reacting solution (e.g., antiserum) then is placed in a trough cast between 
the two imbedded cylinders. Resulting precipitin reactions are read within five to ten 
days when the plates are held at room temperature. There are numerous possible varia- 
tions of these techniques such as placing three, four, or more cylinders around a central 


¥ A 








Fig. 4.—Simultaneous electrophoretic and serologic analysis. P indicates the location 
of a precipitin reaction, visible without staining. between a tuberculoprotein antigen and its 
antibody. The antigen (TB) started from position O: and migrated through gamma and 


beta globulins which in turn migrated from position O2 toward the cathode. Light green SF 
stained all the fractions indicated. . 


depot of reacting material. Cylinders also may be cut into thin disks either for analysis 
or for other uses such as, for example, a source of purified antigen, or for the adsorption of 
specific antibodies from mixtures of antibodies produced by an animal in response to 
mixed antigen solutions. 


Simultaneous electrophoretic separation and serologic testing have been made 
possible by filling the glass tubes with five layers of agar instead of three. By proper 
adjustment of conditions the reactants have been caused to migrate through each other and 
to react during electrophoresis to form a visible precipitin line (Fig. 4). In the experi- 
ment reported here, 1 per cent agar in barbital buffer of pH 8.2 and ionic strength 
1.05 was utilized. Into the tube held upright by modeling clay was poured an agar 


column 3 em. high, followed in order by 10 wl of one-half per cent tubereculoprotein in agar, 


al1em. high agar column, 15 yl of undiluted guinea pig antiserum in agar, and more 


agar to fill the tube. 
volts of direct current. 
later, 


After the final layer had solidified, the tube was submitted to 80 
A precipitin line was observed to form approximately 25 minutes 
This line remained immobile throughout the remaining 40 minutes that current 
Was applied. 
RESULTS 
ig. 2 shows the resolution of electrophoretic separation of serum pro- 
teins in glass tube-enclosed agar columns. Rabbit, guinea-pig, and human sera 
are presented for comparison. Both of the former sera are from animals immu- 
nized with tubercle bacilli. Contrary to what is generally observed when employ- 
aper electrophoresis under similar conditions, the gamma, beta, and 
globulins moved toward the cathode instead of remaining near the 


ing 
alph: 
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origin, as gamma globulin should, or moving toward the anode as beta and 
alpha'globulins do. This phenomenon is attributed to electroosmosis induced 
by negatively charged agar. 

Several of the more widely used stains have been employed for detection 
of protein fractions, and of these (bromphenol blue, azocarmine G, buffalo 
black NBR, and light green SF), light green SF has proved the most satis- 
factory. Bromphenol blue stains the fractions well but the agar cylinders 
must be destained, fixed, and dried for photographie recording. The last 
procedure produces undesirable distortion. Azoecarmine G did not stain pro- 
tein fractions as well as the other three dyes. The intensity of the buffalo 
black stain diminishes during agar decolorization. Light green SF, however, 
is taken up rapidly and intensely by the proteins but only weakly by the agar 
and easily is removed from the latter with one per cent acetic acid. The 
stained fractions are photographed without difficulty (Figs. 2 and 3). 

Tuberculoprotein has been separated into at least four electrophoretically 
distinct fractions as indicated by precipitin tests employing rabbit antiserum 
(Fig. 3, inset) and two detected by horse antiserum. The chemical identity 
of these fractions is not certain but is being studied. These experiments serve 
to show that electrophoretically separated fractions may be detected by sero- 
logic techniques with greater sensitivity and resolution than with presently 
employed staining methods. For example, 10 meg. of one of the antigen frae- 
tions was detected by a strong precipitin reaction with horse antiserum. 

Antigen-antibody reactions have been detected by arranging the reactants 
on paper so that they pass through each other during electrophoresis and 
combine to form a third component demonstrable by staining.’ We have been 
able to repeat this type of experiment using the agar tubes and reacting a 
tuberculoprotein with whole guinea-pig antiserum, The reacting portion of 
tubereuloprotein migrated toward the anode, at pH 8.2, and through the 
gamma and beta serum globulins which themselves moved toward the cathode. 
A strong precipitin reaction (Fig. 4, P) appeared between 22 and 25 minutes 
after the start of the experiment and remained stationary during the remain- 
ing 40 minutes that electric current was applied. After the experiment, the 
agar cylinders were stained with light green SF to show the various serum 
components, tuberculoprotein, and the precipitin line. The latter was located 
between the beta and alpha, globulins (Fig. 4). Although this technique has 
interesting features it has not been explored further because the previously 
mentioned plating technique offers greater versatility as a general investigative 
method. 

DISCUSSION 


The great utility of immunoelectrophoresis is evidenced by the excellent 
work already published.**> Consequently, any modifications of the method 
which make it easier to use are desirable. The technique offered has several 
advantages over those so far reported in the literature. Necessary materials 
are not costly, are easily available, and are assembled without difficulty. Since 
the agar-supporting tubes are disposable, there are neither cleaning difficulties 
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nor danger of contaminating residues; the buffer vessels themselves and 
sponges are simple to wash. Preparation of the agar columns requires little 
practice, and the glass tube support eliminates any need for delicate handling 
once the agar has solidified. Since each tube is a complete unit, the apparatus 
is not disturbed by the positioning or removal of one or more tubes during a 
run so long as the current per tube is held constant by adjustment of the 
power supply. Therefore, samples can be taken at frequent intervals to fol- 
low the progress of migrating fractions. Moreover, after fractionation has 
been completed, the agar cylinder can be employed in any of a wide variety 
of serologic methods. 

The entire apparatus, excluding the power supply, is compact enough to 
rest on a refrigerator shelf. Relatively small amounts of any materials are 
needed. 

Since large numbers of cylinders may be prepared and subjected to 
separation during a single run and because these preparations are so simple, 
there is time to widen the variety of tests or to increase the number of observa- 
tions. 

Evaporation from the glass tube-enclosed agar cylinders can occur only 
at the ends of the tube, but since each end rests in a pool of buffer during 
electrophoretic separation this variable is eliminated. The small size of the 
tubes allows satisfactory refrigeration. Since the sample depot has the form 
of a disk the width of the agar cylinder itself, all the current passing through 
the agar column must also pass through and affect the sample. 

The total volume of agar’is measured and controlled easily. Thus, caleula- 
tions are simplified and reproducibility extended. Electrophoretic separation 
may be earried out at a pH unfavorable to the subsequent serologic test em- 
ployed because if, for example, this is to be a precipitin test the cylinders may 
be imbedded in agar plates buffered to maintain a desired pH in spite of the 
constituents of the agar cylinder itself; consequently, there is freedom in 
choosing a fractionating buffer. 

There are many immunologic problems which profitably can be investi- 
gated with the immunoelectrophoretie method. We hope that the simplicity 
of the technique presented will encourage such research. 


SUMMARY 


A simplified inmunoeleetrophoretie technique is presented and its advan- 
tages discussed. Small glass tubes are filled with melted agar in three layers, 
the middle layer containing the sample to be electrophoretically fractionated. 
Up to a dozen of these tubes are wedged between sponges dipping into 
electrode-containing buffer vessels, and direct current is applied. One or more 
of the tubes may be inserted or withdrawn from the apparatus at any time 
and their agar cylinders ejected and subjected to serologic analysis. Examples 
of serum protein fractionation are presented. An agar diffusion precipitin test 


has heen employed to indicate at least four electrophoretically distinct anti- 
gens occurring in tubereuloprotein. 
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AGAR DIFFUSION DETERMINATION OF ENZYME ACTIVITY 


Puiuie G. Stansty, Po.D., ANp Davin S. Ramsey, MLS. 
Detroit, Micu. 


T OCCURRED to us that the familiar agar diffusion method for assaying 
| antibiotics might be adapted to the quantitative determination of enzymes. 
We have tested this possibility with several hydrolytic enzymes with results 
which substantiate this supposition. The method appears to be general and 
under favorable circumstances should be applicable to other classes of enzymes. 

The method depends upon the diffusion of the enzyme in agar from filter 
paper dises, generally, though not necessarily, in the presence of a suitable sub- 
strate incorporated in the agar. If desired, the substrate may be added after 
diffusion has taken place. In either case, any combination of time and tempera- 
ture may be used depending upon the particular requirements of convenience 
or of the system concerned. Reagents or devices that can visually distinguish 
substrate from product reveal a zone around the dise whose diameter is pro- 
portional to enzyme concentration, the relation, over a substantial portion of 
the curve, being linear when plotted semilogarithmically. 

The following cases illustrate the preparation of standard assay curves. 
Five milliliters of 0.6 per cent buffered agar (0.05 M phosphate, pH 7.6) are 
placed in a Petri dish (preferably flat-bottom) and, upon solidification, over- 
laid with 3 ml. of 0.6 per cent buffered agar containing 0.5 per cent casein or 
denatured hemoglobin. Filter paper dises (14 inch, Schleicher and Schuell 
No. 740E) containing 0.02 ml. of various dilutions of trypsin are placed thereon 
and the plates incubated at 37° overnight. The zones of enzyme activity are 
revealed by flooding the plates with 10 per cent trichloracetic acid, precipitating 
unhydrolyzed casein. The clear zones of hydrolyzed casein are well defined and 
the diameters readily determined. When hemoglobin is the substrate, zone 
diameters may be read w.thout further treatment, although it is still advan- 
tageous to use trichloracetic acid. Plates which are to be ineubated at 37° 
overnight should have some antimicrobial substance in the agar. Chlorampheni- 
col (0.1 mg. per milliliter) was satisfactory for the purpose. It should be 
stressed that the incubation time and temperature are arbitrary. A shorter 
incubation period or a higher temperature give similar results, although, of 
course, the zone sizes are affected. 

Another example of the method is given with a preparation of crude horse 
liver esterase acting on 0.1 per cent indoxyl acetate. In this case, no reagent 
was required to reveal the zones, since, upon hydrolysis, the liberated indoxyl 
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is spontaneously oxidized and condensed to indigo giving a purple zone. We 
have found it advantageous to incubate this system at refrigerator tempera- 
tures to avoid darkening of the agar due, apparently, to free indoxyl in the 
reagent. However, if it is desired to incubate at 37°, the incorporation of 
0.01 M ascorbic acid in the agar was found to inhibit this darkening. Figs. 
1 and 2 illustrate graphically the results obtained with trypsin and the esterase. 
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Fig. 1.—Standard curve for determination of tryptic activity. 
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Fig. 2.—Standard curve for determination of esterase activity. 


It is clear that the method is a general one because the measure of activity 
in all cases is the distance a protein, i.e., enzyme, diffuses in the agar medium. 
When required, reagents are used only in a qualitative fashion to delineate the 
zone of activity. It is also apparent that the method ean be fairly sensitive. 
In the case of trypsin acting on hemoglobin, 0.2 meg. per dise was detectable 
under the described conditions. In the curve shown in Fig. 1, a twofold change 
in concentration caused an increase of 2 to 3 mm. in zone diameter. Inasmuch 
as a difference of 0.5 mm. is measurable, it appears that about a 20 per cent 
difference in enzyme concentration can be determined. 
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The application of this method for routine determinations is a possibility, 
especially, perhaps, if dehydrated media containing suitable substrates are 
available. Another possible application is its use for the rapid qualitative 
screening of various materials for a particular enzyme activity and its simul- 
taneous rough quantitation. We wish to make it clear, however, that no claims 
are made for its superiority or even equality to existing procedures. Our only 
objective in this communication is to draw attention to a method in enzymology 
which appears capable of development along the lines suggested and possibly 
in directions not yet considered. 





THE DETERMINATION OF BLOOD SUGAR BY THE ANTHRONE 
METHOD 


Mitton B. HanpELsMAN, M.D., AND Martin Sass, M.S. 
BROOKLYN, N. Y. 
WITH THE TECHNICAL ASSISTANCE OF 
Pau. Guass, B.S. 


HE use of Dreywood’s anthrone reagent? permits the determination of blood 

glucose through the formation of 5-hydroxy-methy] furfural resulting from 
the dehydration of glucose by strong mineral acids. Since this procedure is 
specific for carbohydrates, its use has been advocated to avoid difficulties inherent 
in the presently employed nonspecific reduction methods. However, a review 
of several reports comparing the two methods? (Table I) shows that discordant 
results have been obtained with anthrone. While these differences may be 
relatively unimportant for clinical work, they are significant in studies requir- 
ing the estimation of ‘‘true blood sugar.’’ Some of the observed discrepancies 
‘an be attributed to the reduction procedures employed, since only the Somogyi- 
Nelson and Hagedorn-Jensen methods are considered to yield values represent- 
ing ‘‘true blood glucose.’’ Some differences are due to faults inherent in the 


use of the anthrone reagent. An investigation of the latter factors forms the 
basis for this study which was to establish more definitely the relation of 
blood sugar values obtained with the anthrone reagent to ‘‘true blood glucose.”’ 


METHOD 


Three series of experiments were performed. In the first, the Folin-Wu7 method for 
blood glucose was used on filtrates prepared by Folin-Wu tungstic acid precipitation. For the 
anthrone procedure, micromethods were employed. Filtrates were obtained by introducing 
0.2 ml. of whole blood into a centrifuge tube containing 3.8 ml. of freshly prepared dilute 
tungstic acid containing 10 ml. each of 10 per cent sodium tungstate and two-thirds N 
sulfuric acid in 250 ml. of water. After shaking, the mixture was centrifuged and one 
volume of the filtrate was diluted with one volume of water to be used for the anthrone 
procedure. 

In the second series, the Somogyi-Nelson reduction method’ was employed. One volume 
of blood was diluted with 15 volumes of water. Two volumes of 0.3 N barium hydroxide and 
2 volumes of zine sulfate (balanced to equivalence) were added, making a 1 to 20 dilution. 
The same filtrate, at appropriate high dilution, was treated with the anthrone reagent as 
indicated below. Plasma filtrates were prepared similarly with sodium hydroxide and zine 
sulfate. 

Third, tungstic acid filtrates of whole blood were analyzed by the anthrone procedure 
for ketohexoses and for alkali-stable carbohydrate by a method previously described.9 
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For the anthrone procedure, 2 ml. quantities of unknown were aliquoted into reaction 
tubes and placed in an ice water bath. After sufficient cooling had occurred, 4 ml. of a 
0.4 per cent anthrone* solution was added dropwise along the side of the tube into the 
filtrate. Thorough mixing was effected in the ice bath with stirring rods. The mixture was 
allowed to come to room temperature and then placed in a boiling water bath for 10 minutes, 
At the end of this time, the reaction was stopped by placing the tubes in a cold water bath 
for several minutes. Optical densities were read in a Coleman Junior spectrophotometer at 
620 my. Our early work was done with use of a Klett colorimeter with the 620 filter as 
supplied by the company. With this instrument we were unable to obtain a linear relationship 
between concentration and color formation above a concentration of 50 meg. of glucose. 
This difficulty was not encountered with the Coleman instrument which gave a linear 
relationship up to a concentration of about 150 meg. of glucose. 


RESULTS 


As seen in Table II, column A, the fasting blood sugar values of healthy 
individuals and convalescent patients when estimated by the anthrone procedure 
applied to tungstice acid filtrates were 7 to 24 mg. per cent (average 14 mg. 
per cent) lower than the results obtained with the Folin-Wu procedure. This 
was not as low as expected since it has been established that the latter method 
estimates reducing substances equivalent to 8 to 49 mg. per cent (average 
26 mg. per cent) in the blood which are not carbohydrate.” It was sur- 
prising, in addition, to find that the anthrone method yielded high results 
in about 20 per cent of the patients with hepatic disease, sepsis, and diabetes. 

As seen in Table II, column B, the anthrone procedure as applied to 
filtrates of whole blood prepared by the barium hydroxide-zine sulfate method 
yielded results 11.5 to 26.0 mg. per cent (average 20.3 mg. per cent) higher 
than those found by the Somogyi-Nelson reduction procedure applied to the 
same filtrates. The latter values are considered representative of ‘‘true blood 
glucose.’’ A similar comparison made with Somogyi filtrates of blood plasma 
(Table II, column C) also revealed higher results obtained by the anthrone 
procedure. For healthy fasting individuals, these were 1 to 28 mg. per cent 
(average 12.6 mg. per cent) above the values obtained by the reduction 
method of Somogyi-Nelson applied to the same plasma filtrates. 


DISCUSSION 


The results obtained in the present study giving higher comparative 
values in one set of conditions and lower in another, demonstrated the im- 
portance of re-evaluating the published reports concerning the role of the 
anthrone procedure in determining blood sugar (Table I). Differences in 
applying the anthrone reagent, or in preparing filtrates for the procedure, led 
to varying results that can be interpreted differently. The reduction methods 
employed by two observers to determine blood sugar were such that the results 
are not acceptable as representing ‘‘true blood glucose.’’ These factors are 
important in attempting to define the relation of anthrone values to ‘‘true 
blood glucose’’ and deserve more complete discussion. 


*This reagent was prepared fresh daily by dissolving 0.4 Gm. of anthrone in 100 ml. of 
95 per cent sulfuric acid. It was allowed to stand at least 3 hours before using. 
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Anthrone Procedure.—The anthrone reagent has been employed in two 
manners: the direct and indirect. In the former, as advised by Morris,’ 
the direct addition of the anthrone-sulfurice acid reagent to the unknown gives 
rise to a heat of solution which initiates and controls the production of color. 
As pointed out by Seifter and associates,!2 and Scott and Melvin,’* the anthrone 
reagent gives more reproducible results by the indirect method in which ex- 
ternal heat is applied to effect color formation. Koehler’ has shown that 
aldohexoses react slowly with the anthrone reagent at 100° C. and that with 
glucose the maximum color formation oceurs between 8 to 11 minutes. This 
agrees with the findings of Seifter and associates,’? who recommended heating 
in a boiling water bath for 10 minutes. 

In the course of the present work we added the anthrone solution to 
standard glucose solutions in a tap water bath environment as well as in an 
ice water bath; varying speeds were also employed in introducing the anthrone 
reagent. The more rapid addition of the anthrone reagent and the use of a 
tap water bath resulted in a greater initial color formation than with slower 
mixture or the ice water bath. Despite varying color formation initially, the 
same plateau of values was reached after the optimal condition of boiling in 
a water bath for 10 minutes. At this plateau, slight variations of the con- 
ditions under which color formation occurred did not influence the results 
markedly. However, such constancy was not present during the first few 
minutes of boiling. The values obtained along the rapidly ascending portion 
of the curve were variable unless the initial mixing was performed in a fashion 
carefully standardized for accurate and reproducible results. 

The method of utilizing the anthrone reagent, i.e., manner of mixing, 
heating time, maximum temperature, ete., plays an important role in the 
results obtained and can explain some of the variations found by some workers 
as shown in Table I. The optimal technique of boiling for at least 10 minutes 
may be modified empirically to obtain results that conform with those of the 
Somogyi-Nelson determinations. However, by doing this, a considerable amount 
of carbohydrate present in the blood filtrates is underestimated and the results 
cannot be truly interpreted as representing a direct estimation of the ‘‘true 
blood sugar.’’ 


Preparation of Blood Filtrates—The advantage of employing the anthrone 
in estimating blood sugar should lie in its specificity to react with carbohydrates, 
thus eliminating the difficulties inherent in reduction methods where substances 
which are not carbohydrates are known to interfere. However, this very 
specificity introduces new problems by possibly including carbohydrates other 
than glucose when blood is analyzed. Bloom and co-workers'® demonstrated 
the importance of this factor; they reported that the ‘‘total carbohydrate 
content’’ of rabbit plasma as determined by the anthrone reagent was markedly 
in excess of total reducing substances plus glycogen present. 

Graff and associates,° employing the anthrone reagent, found that poly- 
saccharides bound to serum protein amounted to 88.3 to 278.0 mg. per cent, 
with a mean value of 150.4 mg. per cent. Although there are only negligible 
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amounts in albumin, both the albumin and globulin fractions seem to contribute 
to color formation with anthrone. Roe® found that 1 mg. of albumin added to 
1 ml. of a glucose solution will increase the optical density by 8.4 per cent. 
Graff and co-workers, in studying the ecarbohydrate-rich component of the 
serum globulin (i.e., the mucoproteins in the filtrate of plasma following the 
precipitation of proteins with perchloric acid), found the polysaccharide con- 
centration to be 8.8 to 63.2 mg. per cent with a mean value of 24.8 mg. per cent. 
















Even when careful precipitation of proteins is carried out, there is 
evidence that some carbohydrate other than glucose can pass into the filtrate. 
Prokhavnik and Nelson* found a 6 mg. per cent residue reacting with anthrone 
in the zine hydroxide studies; we found 5.6 mg. per cent to 13.1 mg. per cent 
residue in tungstie acid filtrates after oxalated human blood was incubated for 
48 hours. 

An attempt was made to identify some of these carbohydrates which 
passed into the blood filtrates. By applying a previously described anthrone 
technique,? we determined ketohexose and glycogen-like substances (carbo- 


































































eC hydrates resistant to boiling in 5 N NaOH) in tungstie acid filtrates which were 
n free of proteins. They were found to contain 3.7 to 15.1 mg. per cent with 
1- an average of 8.7 mg. per cent reacting with the anthrone reagent (Table ITI). 
s 
W TABLE III. COMPARISON OF BLOOD SUGAR IN PLASMA AND WHOLE BLOOD AS DETERMINED BY 
ANTHRONE PROCEDURE ON TUNGSTIC ACID FILTRATES, ALSO THE ALKALI-RESISTANT (GLY- 
n COGENOID) AND KETOHEXOSE FRACTIONS 
yn : en wan nn nee 
WHOLE BLOOD 
PLASMA TOTAL BLOOD  GLYCOGENOID KETOHEXOSE TOTAL 
0, SUGAR | SUGAR FRACTION FRACTION NONGLUCOSE 
' (MG. %) (MG. % (MG. %) (MG. %) (MG. %) 
e ie _— 3 * eesti 
Normal Individuals and Convalescents 
T'S 94 84 3.1 1.7 4.8 
es oe 86 4.2 1.7 5.9 
99 89 8.2 1.9 10.1 
he as 89 6.5 0.9 7.4 
nt so 102 4.4 0.9 5.3 
114 104 9.7 1.2 10.9 
Its 128 112 10.0 0.8 10.8 
- 27 116 5.5 1.4 6.9 
Patients With Diabetes, Infections, and Hepatitis 
113 86 11.9 0.7 12.6 
ye 131 95 10.7 0.7 11.4 
- 111 101 9.5 0.9 10.4 
" 107 104 7.9 0.9 8.8 
ces 186 166 3.2 0.5 5 Wy f 
- 182 73 5.3 0.9 6.2 
ery 240 197 13.1 2.0 15.1 
het Lymphatic leukemia. 
ted 
rate Before the anthrone method ean yield ‘‘true blood glucose’’ values, these and 
.dly other undetermined carbohydrates must be eliminated when precipitating 
proteins. 
oly- Various protein precipitating reagents have been employed (Table I) by 
ent, different investigators. 


Precipitation with trichloracetic acid was found by 
Selfter and associates to yield false high results. Roe® investigated this and 





658 HANDELSMAN AND SASS J. Lab. & Clin. Med 


October, 1956 


found that the blood sugar values estimated by the anthrone procedure on 
filtrates prepared with 5 per cent trichloracetic acid were 2.4 to 17.7 mg. per 
cent (mean 9.4 mg. per cent) higher than those prepared with zine sulfate- 
baruim hydroxide. The difference was due to the fact that the latter reagents 
precipitate hexose phosphates arising from the cellular components of blood. 
The trichloracetie acid allows these to pass into the filtrate giving false high 
values with anthrone. 


Of all the solutions used to prepare protein-free filtrates, the tungstic acid 
procedure can give most difficulty. Tungstate reacts with anthrone, forming 
color at 620 mu. Roe® demonstrated that 0.2 ml. of the Folin-Wu tungstie acid 
(1 per cent) solution produced no eolor with his anthrone procedure; 0.5 ml. 
yielded color equivalent to 2.1 mg. glucose, and 0.7 ml. gave 29.0 mg. glucose. 
This author found that the Folin-Wu filtrate of whole blood as usually prepared 
did not have sufficient excess tungstate to interfere with his anthrone determi- 
nations. However, with the procedure reported in the present study it was 
found that even a slight amount of tungstic acid, when mixed with the 
anthrone reagent in an ice bath environment, created a marked turbidity. One 
volume of dilute (0.4 per cent) tungstic acid, described in ‘‘Metheds,’’ must 
be further diluted with 4 volumes of water to prevent this turbidity. Em- 
ploying this as one end point representing excess tungstate and using in- 
complete protein precipitation as an end point for insufficient tungstate, we 
performed a titration to find the least amount of tungstic acid necessary to 
precipitate all proteins without allowing an excess of tungstie acid. By this 
method it was found that 3.8 ml. of freshly prepared tungstie acid solution 
was sufficient to precipitate all proteins in 0.2 ml. whole blood when the mix- 
ture was vigorously shaken in a stopped centrifuge tube. One milliliter of 
the supernatant when further diluted with 1 ml. of water allowed the ad- 
dition of 4 ml. of the anthrone reagent without the creation of turbidity by 
the tungstate in the ice bath environment. Similarly it was determined that 
at least 2.6 ml. was required to precipitate the proteins in 0.2 ml. plasma. 
However, practically, it was found that as much as 3.8 ml. tungstate could 
be used for this amount of plasma without interfering with the anthrone 
procedure in the ice bath. 


Roe® observed close correspondence between the results of the Somogyi- 
Nelson reduction and his anthrone procedure performed on the same tungsti¢ 
acid filtrates. That the correspondence might be more apparent than real is 
suggested by the fact that this reduction method is acknowledged to yield ‘‘true 
glucose’’ values when usually performed on filtrates prepared by zine hydroxide. 
A similar interpretation applies to our observation that the anthrone procedure 
gave results about 14 mg. per cent lower than those of the Folin-Wu procedure, 
since the latter is known to determine from 30 to 80 mg. reducing substances 
which are not glucose in 38 per cent of all patients.1° The positive demon- 
stration (Table III) by anthrone that alkali-resistant carbohydrates and 
ketohexoses were present in tungstie acid filtrates confirmed the impression 
that more than glucose was determined by anthrone. 
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Filtrates resulting from zinc sulfate-barium hydroxide precipitation gave 
no interference such as did tungstic acid when mixed with anthrone. How- 
ever, the blood sugar values obtained with the anthrone procedure were also 
higher than those obtained with the Somogyi-Nelson reduction applied to the 
same filtrates (Table II, column B). Repeated experiments determining the 
recovery of added known amounts of glucose ruled out the possibility that 
an error in procedure was a cause of this difference. Precipitation with 
cadmium sulfate-zinc hydroxide yielded similar results. Filtrates prepared 
with sodium hydroxide-zinc sulfate behaved similarly but gave results a few 
milligrams higher for both procedures. To test the possibility that proteins 
had escaped into the filtrates and might account for the elevated anthrone 
values, the optical densities of the anthrone preparations were ascertained at 
540 mp as well as 620 my. The results obtained at the former wave length 
have been shown’® to include interference from protein which is not obtained 
at 620 my. Zine sulfate-barium hydroxide filtrates, when tested this way, 
showed negligible increases at 540 my (1 to 3 mg. per cent). Even in cases 
with sepsis and liver disease, mucoproteins could not be demonstrated in the 
filtrates by the method of Winzler and associates.17 Treatment with 5 per cent 
phosphotungstie acid in 2 N hydrochloric acid gave no flocculation. 


The sugar in plasma, as estimated by the anthrone procedure, was similarly 
found to give higher values (Table II, C) when compared to Somogyi-Nelson 
reduction applied to the same filtrates. This suggests that the formed elements 
of blood do not contribute the major part of the carbohydrates other than 
glucose which pass into the filtrates. Although it was found that the large 


part of these interfering substances dialyzed through a cellophane membrane, 
their exact nature was not ascertained. 


In determining comparative plasma sugar values by the two methods in 
a large series of diabetics with elevated blood sugars, we found that the un- 
identified substances which reacted with anthrone did not appreciably increase 
as the values of the blood sugar increased. Thus at very high blood sugar, 
the error created by the presence of these carbohydrates was minimized; in 
some instances it was negligible but occasionally could amount to as much as 
10 per cent. 
CONCLUSIONS 


When a standardized anthrone procedure is applied to filtrates of the 
blood of healthy individuals, the resulting blood sugar values are higher 
(Maximum 28 mg. per cent) than ‘‘true blood glucose.’’ This is due to the 
teaction of the anthrone reagent with carbohydrates other than glucose which 
bass into the filtrates when the usual blood precipitants are employed. The 
blood sugar values obtained by the anthrone procedure are of the same order 
of accuracy as those obtained with the reduction methods commonly used and 
Which do not determine ‘‘true blood glucose.’’ The interfering substances 
teacting with anthrone do not increase when the blood sugars are elevated; 
at high blood sugar values the error due to their presence thus is minimized. 
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Errata 


In the article by LEON GOLDSTEIN, B.S., R. RiCHTERICH-vAN BAERLE, M.D., and Eari 

H. DEARBORN, PH.D., M.D., entitled “The Collection of Urine for Ammonia Determination,” 
which appeared in the August issue of the JouRNAL, pages 324-328, in Table II on page 327 the het 
second number in the fourth column should be 0.59 rather than 1.59. simi] 
has | 
blood 
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and » 
cemig 





been 

In the article by RicHarp D. Jupce, M.D., Ropert J. Bout, M.D., Basi I. Hirscuo § '0 th 
wiz, M.D., AND H. Marvin Pouuarp, M.D., entitled “Pharmacologic Evaluation of BL700B,” § of ea 
which appeared in the June issue of the JOURNAL, pages 950-959, the following reference © &@ aeteq 
the literature should be substituted for the one now appearing as number 2 on page 999: termi 
2. Hoekstra, J. B., Fisher, Dorothea 8., and Dickison, H. L.: Comparative Pharmacologit  sigge 
Studies With Quaternary Salts of a, a-Diphenyl— —dialkylaminobutyramide, J “Vag, 
Pharmacol. & Exper. Therap. 116: 29, 1956 (Abst.). sie 
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